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I: INTRODUCTION 


The text, Fundamentals of Logic Design, 6th edition, has been designed so that it 
can be used either for a standard lecture course or for a self-paced course The text is divided 
into 20 study units in such a way that the average study time for each unit is about the same 
The units have undergone extensive class testing in a self-paced environment and have been 
revised based on student feedback The study guides and text material are sufficient to allow 
almost all students to achieve mastery of all of the objectives For example, the material on 
Boolean algebra and algebraic simplification is 2% units because students found this topic 
difficult There is a separate unit on going fiom problem statements to state graphs because 
this topic is difficult for many students 


The textbook contains answers for all of the problems that are assigned in the study 
guides This /nstructor $ Manual contains complete solutions to these problems. Solutions 
to the remaining homework problems as well as all design and simulation exercises are also 
included in this manual In the solutions section of this manual, the abbreviation FLD stands 
for Fundamentals of Logic Design (6th ed ) 


Information on the self-paced course taught at the University of Texas using the 
textbook is available at www.ece. utexas.edu/projects/ee316 This website also links to 
an updated errata list for the text In addition to the textbook and study guides, teaching 
a self-paced course requires that a set of tests be prepared for each study unit This manual 
contains a sample test fot each unit 


1.1 Using the Text in a Lecture Course 


Even though the text was developed in a self-paced environment, the text is well 
suited for use in a standard lecture course Since the format of the text differs somewhat 
fiom a conventional text, a few suggestions for using the text in a lecture course may be 
appropriate Except for the inclusion of objectives and study guides, the units in the text 
differ very little from chapters in a standatd textbook The study guides contain very basic 
questions, while the problems at the end of each unit are of a more comprehensive nature 
For this reason, we suggest that specific study guide questions be assigned for students to 
work through on their own before working out homework problems selected from those 
at the end of the unit. The unit tests given in Part IV of this manual provide a convenient 
source of additional homework assignments or a source of quiz problems. The text contains 
many examples that are completely worked out with detailed step-by-step explanations 
Discussion of these detailed examples in lecture may not be necessary if the students study 
them on their own The lecture time is probably better spent discussing general principles 
and applications as well as providing help with some of the more difficult topics Since all 
of the units have study guides, it would be possible to assign some of the easier topics for 
self-study and devote the lectures to the more difficult topics 


At the University of Texas a class composed largely of Electrical Engineering and 


Computer Science sophomores and juniors covers 18 units (all units except 6 and 19) of 


the text in one semester Units 8, 10, 12, 16, 17, and 20 contain design problems that are 
suitable for simulation and lab exercises The design problems help tie together and review 
the material from a number of preceding units. Units 10, 17, and 20 introduce the VHDL 
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hardware description language These units may be omitted if desired since no other units depend 
on them 


1.2 Some Remarks About the Text 


In this text, students are taught how to use Boolean algebra effectively, in contrast with 
many texts that present Boolean algebra and a few examples of its application and then leave it to 
the student to figure out how to use it effectively For example, use of the theorem x + yz = (x + y) 
(x + z) in factoring and multiplying out expressions is taught explicitly, and detailed guidelines are 
given for algebraic simplification 


Sequential circuits are given proper emphasis, with over half of the text devoted to this 
subject. The pedagogical strategy the text uses in teaching sequential circuits has proven to be very 
effective The concepts of state, next state, etc are first introduced for individual flip-flops, next 
for counters, then for sequential circuits with inputs, and finally for more abstract sequential circuit 
models The use of timing charts, a subject neglected by many texts, is taught both because it is 
a practical tool widely used by logic design engineers and because it aids in the understanding of 
sequential circuit behavior 


The most important and often most difficult part of sequential circuit design is formulating 
the state table or graph from the problem statement, but most texts devote only a few paragraphs 
to this subject because there is no algorithm This text devotes a full unit to the subject, presents 
guidelines for deriving state tables and graphs, and provides programmed exercises that help the 
student leam this material. Most of the material in the text is treated in a fairly conventional 
manner with the following exceptions: 

(1) The diagonal form of the 5-variable Karnaugh map is introduced in Unit 5. (We find that 
students make fewer mistakes when using the diagonal form of 5-variable map in comparison 
with the side-by-side form ) Unit 5 also presents a simple algorithm for finding all essential 
prime implicants fiom a Karnaugh map 

(2) Both the state graph approach (Unit 18) and the SM chart approach (Unit 19) for designing 
sequential control circuits are presented 

(3) The introduction to the VHDL hardware description language in Units 10, 17, and 20 
emphasizes the relation between the VHDL code and the actual hardware 


1.3 Using the Text in a Self-Paced Course 


This section introduces the personalized system of self-paced instruction (PSI) and offers 
suggestions for using the text in a self-paced course. PSI (Personalized System of Instruction) 
is one of the most popular and successful systems used for self-paced instruction The essential 
features of the PSI method are 

(a) Students are permitted to pace themselves through the course at a rate commensurate with 
their ability and available time. 

(b) A student must demonstrate mastery of each study unit before going onto the next. 

(c) The written word is stressed; lectures, if used, are only for motivation and notfortransmission 
of critical information. 

(d) Use of proctors permits repeated testing, immediate scoring, and significant personal 
interaction with the students. 

These factors work together to motivate students toward a high level of achievement in a well- 
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The PSI method of instruction and its implementation are described in detail in the following 
references: 

Keller, Fred S and J. Gilmour Sherman, The Keller Plan Handbook, W A Benjamin, Inc , 
1974. 

Sherman, JG., ed, Personalized System of Instruction 41 Germinal Papers, W A. 
Benjamin, Inc , 1974 
Results of applying PSI to a first course in logic design of digital systems are described in 

Roth, CH, “Continuing Effectiveness of Personalized Self-Paced Instruction in Digital 
Systems Engineering”, Engineering Education, Vol 63, No. 6, March 1973 


The instructor in charge of a self-paced course will serve as course manager in addition to 
his role in the classroom For a small class, he may spend a good part of his time acting as proctor 
in the classroom, but as class size increases he will have to devote more of his time to supervision 
of course activities and less time to individual interaction with students. In his managerial role, the 


instructor is responsible for organizing the course, selection and training of proctors, supervision of 


proctors, and monitoring of student progress. The proctors play an important role in the success of 
a self-paced course, and therefore their selection, training, and supervision is very important After 
an initial session to discuss proper ways of grading readiness tests and interacting with students, 
weekly proctor meetings to discuss course procedures and problems may be appropriate 


A progress chart showing the units completed by each student is very helpful in 
monitoring student progress through the course The instructor may wish to have individual 
conferences with students who fall too far behind. The instructor needs to be available in the 
classroom to answer individual student questions and to assist with grading of readiness tests 
as needed He should make a special point to speak with the weak or slow students and give 
them a word of encouragement. From time to time he may need to settle differences which 
arise between proctors and students 


Various strategies for organizing a PSI course are described in the Keller Plan 
Handbook The procedures used for operating the self-paced digital logic course at the 
University of Texas are described in “Unit 0”, which is available on the web: www.ece. 
utexas.edu/projects/ee316 At the first class meeting, we hand out a copy of Unit 0. The 
students ate asked to read through Unit 0 and take a short test on the course procedures This 
test is immediately evaluated so that the student can complete Unit 0 before the end of the 
first class period In this way, the student is exposed to the basic way the course operates and 
is ready to proceed immediately with Unit 1 in the textbook 


During a typical class period, some of the students will spend their time studying but 
most of the students will come prepared to take a unit test At the beginning of the period, the 
instructor or a proctor will be available to answer student questions on an individual basis 
Later in the period, most of the time will be spent evaluating unit tests. We have found 
that a standard 50 minute class period is not long enough for a PSI session We usually 
schedule sessions of 1% or 2 hours or longer depending on class size This allows adequate 
time for students to have their questions answered, take a unit test, and have their tests 
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graded Interactive grading of the tests with the student present is an important part of the 
PSI system and adequate time must be allowed for this activity If you have a large number 
of students and proctors, you may wish to prepare a manual for guidance of your proctors. 
The procedures that we use for evaluating unit tests are described in a Proctor's Manual, 
which can be obtained by writing to Professor Charles H. Roth 


1.4. Use of Computer Software 


Three software packages are included on the CD that accompanies the textbook The first 
is a logic simulator program called SimUaid, the second is a basic computer-aided logic design 
program called LogicAid, and the third is a VHDL Simulator called DirectVHDL In addition, we 
use the Xilinx ISE software for synthesizing VHDL code and downloading to CPLD or FPGA circuit 
boards The Xilinx ISE software is available at nominal cost through the Xilinx University Program 
(for information, go to www.xilinx.convuniv/overviewhtml). A “Webpack” version of the Xilinx 


software is also available for downloading from the Xilinx com website 


SimUaid provides an easy way for students to test their logic designs by simulating them We 
first introduce SimUaid in Unit 4, where we ask the students to design a simple logic circuit such as 
problem 4.13 or 4.14, and simulate it SimUaid is easy to learn, and it is highly interactive so that 
students can flip a simulated switch and immediately observe the result In Unit 8, students design a 
multiple-output combinational logic circuit using NAND and NOR gates and test its operation using 
SimUaid Students can use the simulator to help them understand the operation of latches and flip-flops 
in Unit 11 In Unit 12, we ask them to design a counter and simulate it (one part of problem 12. 10) In 
Unit 16, students use SimUaid to test their sequential circuit designs They can also generate VHDL 
code from their SimUaid circuit, synthesize it, and download it to a circuit board for hardware testing. 
In Unit 18, students can use the advanced features of SimUaid to simulate a multiplier or divider 
controlled by a state machine 

LogicAid provides an easy way to introduce students to the use of the computer in the logic 
design process It enables them to solve larger, more practical design problems than they could by 
hand. They can also use LogicAid to verify solutions that they have worked out by hand Instructors 
can use the program for grading homework and quizzes We first introduce LogicAid in Unit 5 The 
program has a Kamaugh Map Tutorial mode that is very useful in teaching students to solve Karnaugh 
map problems This tutorial mode helps students learn to derive minimum solutions from a Karnaugh 
map by informing them at each step whether that step is correct or not It also forces them to choose 
essential prime implicants first When in the KMap tutor mode, LogicAid prints “KMT” at the top of 
each output page, so you can check to see if the problems were actually solved in the tutorial mode 


Students can use LogicAid to help them solve design problems in Units 8, 16, 18, 19 and other 
units For designing sequential circuits, they can input a state graph, convert it to a state table, reduce 
the state table, make a state assignment, and derive minimized logic equations for outputs and flip-flop 
inputs 


The LogicAid State Table Checker is useful for Units 14 and 16, and for other units in which 
students construct state tables It allows students to check their solutions without revealing the correct 
answers Ifthe solution is wrong, the program displays a short input sequence for which the student’s 
table fails. The LogicAid folder on the CD contains encoded copies of solutions for most of the state 
graph problems in Fundamentals of Logic Design, 6th Ed If you wish to create a password- 
protected solution file for other state table problems, enter the state table into LogicAid, syntax 
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check it, and then hold down the Ctrl key while you select Save As on the file menu The Partial 
Graph Checker serves as a state graph tutor that allows a student to check his work at each step while 
constructing a state graph If the student makes a mistake, it provides feedback so that the student 
can correct his answer The partial graph checker works with any state graph problem for which an 
encoded state table solution file is provided 


The DirectVHDL simulator helps students learn VHDL syntax because it provides immediate 
visual feedback when they make mistakes Our students use it for simulating VHDL code in Units 10, 
17, and 20. Students can simulate and debug their code at home and then bring the code into lab for 
synthesis and hardware testing 


1.5. Suggested Equipment for Laboratory Exercises 


Many types of logic lab equipment are available that are adequate to perform the lab 
exercises. Since most logic design is done today using programmable logic instead of individual 
ICs, we now recommend use of CPLDs or FPGAs for hardware implementation of logic circuit 
designs. At the University of Texas, we are presently using the XILINX Spartan-3 FPGA boards, 
which are available from Digilent The Spartan-3 FPGA has more than an adequate number of 
logic cells to implement the lab exercises in the text The board has 8 switches, 4 pushbuttons, 8 
single LEDs, and four 7-segment LEDs Information about this board and other CPLD and FPGA 
boards made by Digilent can be found on their website, www.digilentinc.com We use the board 
in conjunction with the Xiliinx ISE software mentioned earlier 
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Unit 1 Solutions 


II. SOLUTIONS TO HOMEWORK PROBLEMS 


Unit 1 Problem Solutions 


1.1 (a) 


1.1 (c) 


1.2 (a) 


1.3 


75725, 
16|757 0.25 
16|47 r5 16 
16|2  r15-F, (4).00 
0 r2 


^. 75725, = 2F5.40,, 
- 0010 1111 0101.0100 0000, 
2 F 5 4 0 


356.89, 
16 | 356 0.89 
16|22 r4 16 
16|1 r6 (14).24 
0 ri 16 
(3).84 
16 
(13).44 
16 
(7).04 


^. 356.89, = 164.E3,, 
= 0001 0110 0100.1110 0011, 
1 6 4 E 3 


EB1.6, - E x 16? +B x 16! - 1 x 16? * 6 x 167 
- 14x 256 + 11 x 16 + 1 + 6/16 = 3761.375,, 
1110 1011 0001.011(0), 
E B 1 6 


7261.3, = 7 x 8 «42x 8 «6x 8 «14 3x 8? 
=7% 512 +2 64+6x8+1+ 3/8 = 3761375, 
111 010 110 001.011, 
7 2 6 1 3 


3BA.25, 2 3x 14? + 11 x 14! + 10 x 14? * 2 x 147 
+5x14? 
= 588 + 154 + 10 + 0.1684 = 752.1684., 


0.1684 
r2 6 


| 125 

6|20 r5 (1).0104 
6|3 
0 


6 | 752 


r2 6 
r3 (0).0624 
6 

(0).3744 

6 

(2).2464 

6 

(1).4784 


^. 3BA.25,, = 752.1684,, = 3252.1002, 
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1.1 (b) 


1.1 (d) 


1.2 (b) 


1.4 (b) 


1.4 (c) 


1.4 (d) 


123.17, 
16 | 123 0.17 
16|7 rll 16 
0 17 (2).72 
16 
(11).52 
16 
(8).32 
7,123.17, = 7B.2B,, 
= 0111 1011.0010 1011, 
7 B 2 B 
1063.5, 
16 | 1063 0.5 
16/66 r7 16 
16|4 r2 (8).00 
0 r4 
.1063.5,, = 427.8,, 
= 0100 0010 0111.1000, 
4 2 7 8 
59D.C,,=5 x 167+9 x 16! + Dx 16 +C x 167 


-5x256 9x16 +13 12/16 = 
1437.75, 
0101 1001 1101.1100,, 
5 9 D C 
2635.6, = 2 x 8? + 6x 8 4 3x8 —5x 8 «6x 8? 
-2x51246x64*43x8-5-6/8- 
1437.75, 
010 110 011 101.110, 
263 5 6 


1457.11, 
16 | 1457 0.11 
16/91 r1 16 
16|5 r11=B,  (1)76 
0 r5 16 
(12).16 
^. 1457.11, = 5BILIC,, 
5 B 1 1 C 
5B1.1C,, = 010110110001.00011100,=2661.070, 
2 661 070 
5B1.1C,, = 11 23 01.01 30, 


DEC.A,, =D x 16? + E x 16'+C x 16° + Ax 167 
= 3328 + 224 + 12 + 0.625 =3564.625,, 
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(Multiply) 1.5 (b, c) See FLD p. 692 for solutions. 


1.10(b) 11.33, 


16 |111 0.33 
6 r15=F, 16 
(5).28 
16 
(4).48 
7. 111.33, = 6F.54,, 
= 0110 1111.0101 0100, 
6 F 5 4 
1.10 (d) 1644.875,, 
16 | 1644 0.875 
16|102 r12 16 
6 r6 (14).000 


^. 1644.875 „= 66C.E00,. 
- 0110 0110 1100.1110 0000 0000, 
6 6 C E 0 0 


1.11 (b) 100 001 101 111.010, = 4157.2, 
=4x 894+1* 8? 5x8 «7x89 «2x Bt 
=4x512+1x64+5x8+7+2/8 
= 215925, 


1000 0110 1111.0100, = 86F.4,, 
=8 x 167+ 6 x 16'+F x 16x 4x 167 
=8 x 256 +6 x 16+ 15 + 4/16 


= 2159.25, 
1.12 (b) 384.74, 

4 | 384 0.74 
4|96 r0 4 
4|24 10 (2).96 
4|6 10 4 
4|1 r2 (3).84 
0 ri 4 
(3).36 


^. 384.74, = 12000.233113.... 


1.5 (a) ii 1111 
1111 (Add) 1111 (Sub) x1010 
+1010 -1010 0000 
11001 0101 111. 
11110 
0000 
011110 
1111 
10010110 
1.6, 1.7, See FLD p. 692 for solutions. 
1.8 
1.10 (a) 1305.375,, 
16 | 1305 0.375 
16/81 19 16 
5 rl (6).000 
«z. 1305.375,, = 519.600,. 
= 0101 0001 1001.0110 0000 0000, 
5 1 9 6 0 O0 
1.10(c) 301.12, 
16 | 301 0.12 
16|18 113 16 
1 m2 (1).92 
16 
(14).72 
^. 301.12, = 12D.1E,, 
= 0001 0010 1101.0001 1110, 
1 2 D 1 E 
1.11 (a) 101 111 010 100.101 , = 5724.5, 
—-5x0 *7x8'-2x8'-4x8?-5x8 
=5x512+7x64+2x8+4+5/8 
= 3028.625, , 
1011 1101 0100.1010, = BD4.A,, 
Bx16 + D x 16'+ 4x16 - Ax 16" 
11 x 256+ 13x 16 + 4 + 10/16 
= 3028.625, , 
1.12 (a) 375.54, = 3 x 64+ 7 x 8 + 5 + 5/8 + 4/64 
= 253.6875, , 
3 | 253 0.69 
3|84 rl 3 
3|28 10 (2).07 
319 ri 3 
3|3 10 (0).21 
3|1 10 3 
0 rn (0).63 
3 
(1).89 


^. 375.54, = 100101.2001, 
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142(c) A52A4,-10x121*5x*11*2-10/1*4/21 1.13 5441, 25x 9? « 4x 9 2 4x 99 +1 x 97 


= 1267.94, =5x81+4x9+4+1/9 
= 445 1/9,, 
9 | 1267 0.94 16 | 445 1/9 
9|140 17 9 16|27 113 16 
9|15 r5 (8).46 16|1 rill (1)7/9 
9|1 r6 9 0 rn 16 
0 ri (4).14 (12)4/9 
16 
^. A52.A4, = 1267.94, = 1657.8427,... (7)1/9 


7. 5444, = 1BD.1C7,, 
= 11011 1101.0001 1100 0111,... 


1.14 (a), (c) 16 | 97 7 1.14 (d) 3 | 97 i 
(b), (c) 16|6 r1 16 3|32 r1 3 
0 r6 (11).2 3|10 r2 (2).1 
] 16 3|3 ri 3 
(3).2 34 r0 (0).3 
z. 97.7 a = 61.B3333....,, 0 ri 3 
(a) 61.B3333..,, (0).9 
= 110 0001.1011 0011 0011 0011 0011... , 3 
(b) 1 100 001.101 100 110 011 001 100 11... , (2).7 
= 141.5 4631 4631... , ^. 97.7, = 10121.2002...., 
1.14 (e) 5 | 97 a7 1.15 1110212.20211, 
509 r2 5 01 11 02 12.20 21 10 = 1425.673, 
5|3 r4 (3).5 
0 r3 5 
(2).5 


7977, = 342.322... 


1.16 (a) 2983 63/64, = 1.16 (b) 93.70,. 
8 | 2983 0.984 8|93 0.70 
8|372 17 8 8|11 r5 8 
8|46 r4 (7).872 8|1 13 (5).60 
9|5 r6 8 0 rl 8 
0 r5 (6).976 (4).80 
~. 2983 63/64,, = 5647.76, (or 5647.77,) ^. 93.70, = 135.54, = 001 011 101.101 100, 


= 101 110 100 111.111 110, 
(or 101 110 100 111.111 111, 
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Unit 1 Solutions 
1.16 (c) 1900 31/32, 


0.969 
r4 8 
r5 (7).752 
r5 8 
r3 (6).016 


~. 1900 31/32,, = 3554.76, 


=011 101 101 100.111 110, 


117() 
1111 (Add) 
1001 


11000 


111 
1111 


001111 
1111 
10000111 


1.17(c) 
110010 (Add) 

11101 

1001111 


110010 
11101 
110010 
000000 
0110010 
110010 
11111010 
110010 
1010001010 
110010 
10110101010 


1.19(a) 
101 )I1101001 
101 

1001 

.101 

1000 

.101 
110 
101 
11 
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(Subtract) 


(Multiply) 


IrL 1 


110010 
11101 
10101 


(Sub) 


(Mult) 


101110 Quotient 


Remainder 


1.16 (d) 


109.30, 


0.30 
8|13 r5 8 
8|1 r5 (2).40 
0 ri 8 


(3).20 


~. 109.30, = 155.23, 


1.17 (b) 


1 


1101001(Add) 


110110 
10011111 


(a) 


(c) 


1.19(b) 


10 


= 001 101 101.010 011, 


11 11 

1101001 (Sub) 
110110 
110011 


1101001 (Mult) 
110110 
0000000 
1101001 
11010010 
1101001 
1001110110 
0000000 
1001110110 
1101001 
100100000110 
1101001 
1011000100110 


1 1 1 

10100100 
01110011 
0110001 


11 
11110011 
10011110 

01010101 


1 1 

(b) 10010011 
01011001 
00111010 


11011 Quotient 


1110 )110000001 
-1110 
10100 
1110 
11000 
-1110 
10101 
1110 


111 Remainder 


Unit 1 Solutions 


1.19(c) 1100 Quotient 1.20(a) 10111 Quotient 
1001 )1110010 110 )10001101 
1001 110 
1010 1011 
1001 _110 
110 Remainder 1010 
_110 
1001 
110 
11 Remainder 
1.20(b) 100011 Quotient 1.20(c) 1011 Quotient 
1011 )110000011 1010 )1110100 
1011 1010 
10001 10010 
1011 1010 
1101 10000 
1011 1010 
10 Remainder 110 Remainder 
1.21 (a) 4 + 3is 10 in base 7, i.e., the sum digit is 1.22 If the binary number has n bits (to the right of the 
0 with a carry of 1 to the next column. 1+5 + radix point), then its precision is (1/2"*1), So to 
4 is 10 in base 7. 1* 6*0 is 10 in base 7. This have the same precision, n must satisfy 
overflows since the correct sum is 10007. 
(b) 4+3 +3 + 3- 13 in base 10 and 23 in base (1/201) < (1/2)(1/104) or n > 4/(log 2) = 13.28 son 
5. Try base 10. 1+2+4+1+3=11 in base 10 so must be 14. 


base 10 does not produce a sum digit of 2. Try base 
5. 2+2+4+1+3 = 22 in base 5 so base 5 works. 


(c)4+3+3+3=31 in base 4, 21 in base 6, Ern 363636 
and 11 in base 12. Try base12. 1+2+4+1+3= = (36/102)(1 + 1/102 + 1/104 + 1/106 + ...) 
B in base 12 so base 12 does not work. Try base 4. = (36/102)[1/(1 — 1/102)] = (36/102)[102/99] 
3+2+4+1+3=31 in base 4 so base 4 does not = 36/99 = 4/11 
work. Try base 6. 2+2+4+1+3=20so base 6 8(4/11) = 2 + 10/11 
19 correct, 8(10/11) = 7 + 3/11 
8(3/11) = 2 + 2/11 
1.24 (a) Expand the base b number into a power series a sy 
= 3k-1 3k-2 3k-3 E 
N = dg, b^ + dg 5b^** + dg, gb? +... + 8(7/11) = 5+ 1/11 
deb? + d4b* + dsb? + db? + dybt + dob? + db"? + 8(1/11) = 0+ 8/11 
db? + db +... + deere + d bet 8(8/11) = 5 + 9/11 
+ d prom where each d; has a value from 0 to 8(9/11) =6 + 6/11 
(b-1). (Note that 0’s can be appended to the number 8(6/11) = 4 + 4/11 
so that it has a multiple of 3 digits to the left and 8(4/11) = 2 + 10/11 
right of the radix point.) Factor b? from each group Repeats: .27213505642....... 


of 3 consecutive digits of the number to obtain 

N = (da, 4b? + day b! + dy, 4bO(b3)0-D +... 
+ (d;b? + dbi d.b)(b*)! + (db? + d}bt + 
dob? )(b’)? + (d jb? + d_,bt 4d boot .... + 
(d a, 2b? + d.a, b! d.gqb°)(b9y™ 
Each (d4; ,b? + d4; ;b! + ds, 4b) has a value from 


1.24(b) Expand the base b? number into a power series 
N = di(b3)k + d, ,(b3) 1... + d4(b3)! + dg(b3)0 
+d yt s rd. (pm 
where each d; has a value from 0 to (b? -1). 
Consequently, d; can be represented as a base b 


0 to [(b-1)b? + (b-1)b!  (b-1)b9] number in the form 
= (b-1)( b? + b! + b?) = (b?-1) (e3,.,b? + e3; ob! + e3; 4b?) 
so it is a valid digit in a base b? number. Where each e; has a value from 0 to (b-1). 
Consequently, the last expression is the power Substituting these expressions for the d; produces a 
series expansion for a base b? number. power series expansion for a base b number. 
11 
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Unit 1 Solutions 


1.25 1.26 5-3-1-1 is possible, but 1.27 5-4-1-1 is not possible, 
4321 6-4-1-1 is not, because because there is no way to 
there is no way to represent 3 or 8. 6-3-2-1 is 
0000 ERI 
represent 3 or 9. possible: 
0001 Alternate 
0010 Solutions: 6321 
0100 5311 0000 
1000 0000 0001 
1001 0001 (0010) 0010 
1010 0011 0100 
1100 0100 0101 
1101 0101 (0110) 0110 
1110 1000 1000 
1001 (1010) 1001 
9154 = 1110 0001 1001 1000 
1011 1010 
1100 1100 
1101 (1110) 
1.28 Alternate 1.29 Alternate 1.30 Alternate 
Solutions: Solutions: Solutions: 
6221 
0000 5221 7321 
0001 0000 0|0000 
0010 (0100) 0001 1[0001 
0011 (0101) 0010 (0100) 2/0010 
0110 0011 (0101) 3|0100 (0011) 
0111 0110 4/0101 
1000 1000 510110 
1001 1001 6/0111 
1010 (1100) 1010 (1100) 7 |1000 
1011 (1101) 1011 (1101) 8/1001 
1110 911010 
A/1100 (1011) 
1100 0011 = 83 
1110 0110 = 94 8/1101 
1.31 (a) (b) ag mn ee e us 
84-2-1 The 9's complement Er om 
of a decimal number 
om represented with this 
0111 weighted code can be 
0110 obtained by replacing 0's 
0101 with 1's and 1's with 0's 
0100 (bit-by-bit complement). 
1011 
1010 
1001 
1000 
1111 


12 
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Unit 1 Solutions 


1.32 (a) 22222, 1.32 (b) 183.81, 


16 |222 0.22 16 |183 0.81 
16|13 114 16 1611 17 16 
0 r13 (3).52 0 rll (12).96 

16 16 

(8).32 (15).36 


~. 222,92, = DEB; 
= 1000100 1000101 0101110 0110011 0111000 


-. 183.81,, = B7.CF,, 
= 1000010 0110111 0101110 1000011 1000110 


D E . 3 8 B 7 ] C F 
1.33 (a)  In2'scomplement In 1's complement 1.33 (b)  In2's complement In 1’s complement 
(-10) + (-11) (-10) + (-11) (-10) + (-6) (-10) + (-6) 
110110 110101 110110 110101 
110101 110100 111010 111001 
(1)101011 (—21) (1)101001 (1)110000 (—16) (1)101110 
1 L—»ı 
101010 (-21) 101111 (-16) 
1.33 (c) In2’s complement In 1’s complement 1.33(d) In2’s complement In 1’s complement 
(-8) + (-11) (-8) + (-11) 11+9 11+9 
111000 110111 001011 001011 
110101 110100 001001 001001 
(1)101101 (-19) — (1)101011 010100 (20) 010100 (20) 
L—p1 


101100 (-19) 


1.33 (e) In2’s complement In 1’s complement 1.34 (a) 01001-11010 
(711) + (-4) (-11) + (4) In 2’s complement In 1’s complement 
110101 110100 01001 01001 
111100 111011 + 00110 + 00101 
(1)110001 (-15) (1)101111 01111 01110 
1 
110000 (-15) 
1.34 (b) In 2’s complement In 1’s complement — 1.34 (c) In 2’s complement In 1’s complement 
11010 11010 10110 10110 
+ 00111 + 00110 + 10011 + 10010 
(1)00001 (1)00000 (1)01001 (1)01000 
Li overflow L» 
00001 01001 
overflow 
1.34 (d) In 2’s complement In 1’s complement — 1.34 (e) In 2's complement In 1’s complement 
11011 11011 11100 11100 
* 11001 + 11000 * 01011 * 01010 
(1)10100 (1)10011 (1)00111 (1)00110 
1 1 
10100 00111 


13 
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Unit 1 Solutions 


1.35 (a) In 2’s complement In 1’s complement 
11010 11010 
+ 01100 + 01011 
(1)00110 (1)00101 
1 
00110 
1.35 (c) In 2’s complement In 1’s complement 
10001 10001 
+ 10110 + 10101 
(1)00111 (1)00110 
overflow 1 
00111 
overflow 
1.36 (a) add subt 
101010 101010 
+ 011101 - 011101 
(1)000111 001101 
1 overflow 
001000 
(b) add subt 
101010 101010 
+ 011101 - 011101 
(1)000111 001101 
overflow 


14 


1.35 (b) 


1.35 (d) 


1.37 


(a) 


(b) 


In 2’s complement 


In 1’s complement 


01011 
+ 01000 
10011 


In 2’s complement 


01011 
+ 00111 
10010 


In 1’s complement 


10101 
+ 00110 
11011 


i) 00000000 (0) 
ii) 11111110 (-1) 
iii) 00110011 (51) 
iv) 10000000 (-127) 


i) 00000000 (0) 
ii) 11111110 (-2) 
iii) 00110011 (51) 
iv) 10000000 (-128) 


10101 
+ 00101 
11010 


complement 
11111111 (-0) 


00000001 (1) 
11001100 (-51) 
01111111 (127) 


00000000 (0) 
00000010 (2) 
11001101 (-51) 
10000000 (-128) 
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24 
2.2 (a) 


23 
2.4 (a) 


2.5 (a) 


2.6 (a) 


2.6 (c) 


2.6 (e) 


2.7 (a) 


2.8 (a) 


2.8 (c) 


2.9 (a) 


Unit 2 Solutions 


Unit 2 Problem Solutions 


See FLD p. 693 for solution. 


In both cases, if X = 0, the transmission is 0, and if 
X = 1, the transmission is 1. 


X 
X 
/ - = -— P 
X Y 
Answer is in FLD p. 693 
F -[(A1) + (A:1)] + E+ BCD =A + E + BCD 


(A + B) (C + B) (D' + B) (ACD' + E) 
= (AC + B) (D' + B) (ACD'+ E) By Th. 8D 
= (ACD' + B) (ACD' + E) By Th. 8D 

- ACD' * BE By Th. 8D 


AB + C'D' = (AB + C) (AB + D) 
= (A + C) (B + C) (A + D’) (B + D) 


A'BC + EF + DEF' = A'BC + E(F +DF') 

= A'BC + E(F +D) = (A'BC + E) (A'BC + F + D) 

= (A' + E) (B + E) (C + E) (A' + F + D) 
(B+F+D)(C+F+D) 


ACD' + C'D' + A'C = D' (AC + C) + A'C 
= D' (A + C) + A'C By Th. 11D 
=(D'+A'C) (A * C' * A'C) 
= (D' + A) (D' + C) (A + C' +A) By Th. 11D 
z(A' *D)(C- D) 


(A*B-*C-*D)(A- B-* C* E (A- B*C * F) 
=A+B+C+ DEF 
Apply second distributive law (Th. 8D) twice 


E 
A 
F B 
C 
[(AB)' + C'D]' = A(C'D)' = AB(C + D) 
= ABC + ABD' 


((A + B) C! (A+ B)(C* A) 
= (A'B + C? (A + B)C'A' = (A'B + C')A'BC' 
= A'BC' 
F - [(A + B)' + (A + (A + B))'] (A + (A * B) 
=(A+(A+B))' 
By Th. 10D with X-(A*(A*B))' = A(A + B) = A'B 


15 


2.2 (b) 


In both cases, if X = 0, the transmission is YZ, and 
if X = 1, the transmission is 1. 


CC 


2.4 (b) 


2.5 (b) 


2.6 (b) 


2.6 (d) 


2.6 (f) 


2.7 (b) 


2.8 (b) 


2.9 (b) 


Y = (AB' + (AB + B) B* A = (AB' + B)B + A 
=(A+B)B+A=AB+B+A=A+B 


(A' + B + C") (A' + C' + D) (B' + D) 
= (A' + C' + BD) (B' + D) 
{By Th. 8D with X = A' + C'} 
= A'B' * B'C' + B'BD + A'D' + C'D' + BDD' 
= A'B' + A'D' + C'B' + C'D' 


WX + WY'X + ZYX = X(W + WY' + ZY) 
= X(W + ZY) {By Th. 10} 
=X(W +2) (W * Y) 


XYZ + W'Z + XQ'Z = Z(XY + W' + XQ) 
=Z[W'+ X(Y + Q')] 
= Z(W' + X) (W' + Y + Q) By Th. 8D 


A+BC+DE 
=(A+BC+D)(A+BC+E) 
=(A+B+D\A+C+D\(A+Bt+E\(At+C+tE) 


WXYZ + VXYZ + UXYZ = XYZ(W + V + U) 
By first distributive law (Th. 8) 


zc 


[A + B(C' + D)]' = A(B(C' + D))' 
= A(B' + (C' + Dy) = A(B' + CD) 
= A'B' + A'CD' 


G = ([(R + S + Ty PT(R + S)T TF 
=(R+S+T)'PT(R+S)'+T' 
= T' + (R'S'T) P(RS)T = T + PR'S'T'T = T 
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Unit 2 Solutions 


2.10 (a) 


2.10 (c) 


2.10 (e) 


2.11 (a) 


2.11 (c) 


2.11 (e) 


2.12 (a) 


2.12 (c) 


2.12 (e) 


2.13 (a) F 


2.13(c) F3 = 


2.14 (a) 
2.15 (a) 


2.16 (a) 


2.17 (a) 


2.17 (c) 


X 


Y 
e— X 
Ta 


c i Ew 


COGI ou 


(A + B'* C(A'- B'+ C -0 By Th. 5D 


AB + (C' + D(AB/ - AB* C «^ D 
By Th. 11D 


[AB' + (C + D)' +E'F\(C + D) 
- AB'(C * D) * E'F(C * D) By Th.8 


(X+ Y'Z)+(X+YZ)'=1 ByTh.5 


(VW + UX) (UX + Y + Z + VW) =(V'W + UX)! 
(Y * Z) By Th. 11 


(W' + OY + Z) + (W' + X) (Y * Z) 
-(Y-Z) ByTh.9 


=A'A+B+(B+B)=0+B+B=B 


[(AB + C)'D][(AB + C) + D] 
= (AB + C)'D (AB + C) + (AB * C D 
= (AB + C)' D By Th. 5D & Th. 2D 


ACF(B + E + D) 


f' = {IA + (BCD)'I[(AD)' + B(C' + A)]}' 
= [A+ (BCD)1' + [(AD)' + B(C' + A)]' 
= A(BCD)" + (AD)"[B(C' + A)]' 
= A'BCD + AD[B' + (C' + A)'] 
= A'BCD + AD[B' + C"A'] 
= A'BCD + AD[B' + CAT 
fP = [A + (BCD) '][(AD)' + B(C' + Ay]? 
- [A(B + C+ D)] + [(A + D)'(B + CA)] 


f = K(A' + B)C] + [A(B + C7] 
=A'C + BC +AB+AC' 
= A'C + B'C + AB + AC' + BC 
=A +C+AB+AC'=C+AB+A=C4+A 
f= (A' + B' AKA CYA' + B' + C' + B) 
(B4C*C)-(ÀA*C) 


2.10 (b) 


2.10 NT 


2.10 (f) 


2.11 (b) 


2.11 (d) 


2.11 (f) 


2.12 (b) 


2.12 (d) 


X 


n4 
"Ps ML 


Y 
AB(C' + D) + B(C' + D) = B(C' + D) By Th. 10 


(A'BF + CD'(A'BF + CEG) = A'BF + CD'EG 
By Th. 8D 


A'(B + C)\(D'E + F)'+ (D'E +F) 
=A(B+C)+D'E+F  ByTh 11D 


[W + X'(Y *Z)[W' + X'(Y + Z)] 
By Th. 9D 


= X(Y * Z) 


(UV' + W'X)(UV' + WX + YZ) = UV + WX 
By Th. 10D 


2.12 (f) (V'+ U + W[((W-* X) -Y* UZ] + [(W + X) + 
UZ' + Y] = (W + X) + UZ' + Y By Th. 10 

2.13 (b) F, = A'A' + AB' = A' + AB'- A'* B' 

2.13 (d) Z = [(A + B)C]'+ (A + B)CD = [(A + B)C]' + D 
By Th. 11D with Y = [(A + B) C] 
=A'B'+C'+D' 

2.14 (b) W + Y + Z + VUX 

2.15(b) f'= [AB'C + (A' * B + D)(ABD' + B^]' 

= (AB'C)'[(A' + B + D(ABD' + B']' 

= (A'+ B" + C)[(A' + B + D) * (ABD)'B"] 

= (A'* B + C)[A"B'D' + (A' + B' + DB] 

= (A'+ B + C)[AB'D' + (A' + B' + D)B] 
2.16 (b) fP = [AB'C + (A' + B + D)(ABD' + B)]P 


2.17 (b) 


2.18 (a) 


16 


= (A + B' + C)[A'BD + (A + B + D')B) 
f=AC+B'C+AB+AC'=A+C 


product term, sum-of-products, product-of-sums) 
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Unit 2 Solutions 


2.18 (b) sum-of-products 2.18 (c) none apply 


2.18 (d) sum term, sum-of-products, product-of-sums 2.18 (e) product-of-sums 


2.19 2.20 (a) F = D[(A' + B')C * AC'] 


2.20 (b) F = D[(A' + B')C * AC'] 
=A'CD + B' CD +AC'D 


2.20 (c) F - D[(A' + B')C * AC'] 2.21 
= D(A' + B' + AC')(C + AC’) 
= D(A' + B' + C'Y(C +A) 
A’ 
C 
Oo 


ae 


2.22 (a) A'B' + A'CD + A'DE' 


PrRPrRPrRPOOC oO; 
RPrRoOoOOrRrFOC OTD, 
PORPROrROF OSD 
RPOrROrRrRRF O;-T 
rPooOoOroOor OM 
x OrROCkX rx oA 


2.22 (d) A'B' + (CD' + E) = A'B' + (C + E\(D'+ E) 


= A'(B' + CD + DE? 
= ATB' + D(C + E')] 
= A'(B' + D)(B'+ C + E) 


= (A'B' + C + E)(A'B' + D' + E) 
= (A' +C + E\(B'+ C +E) 
(A' + D' + E)(B' + D' + E) 


2.22 (b) HT + JK 2.22 (e) A'B'C + B'CD' + EF' = A'B'C + B'CD' + EF' 
= (HT + J(HT + K) = B'C (A' + D) + EF 
= (H' + JQ + JGD + K) + K) = (B'C + EPA + D' + EP’) 
= (B' + E)(B' + F'(C + E(C * F') 
2.22 (c) A'BC + AB'C + CD' (A'+ D' + E(A' + D'+F’) 
= C(A'B + AB' + D) 
= C[(A + B(A' + B) + D1] 2.22 (f) WX'Y+ W'X' + W'Y' = X(WY + W) + WY' 
= C(A + B + D'Y(A' + B' + D) =X(W'+Y)+ WY 
= (X' * W)X' + Y)(W' + Y + W(W' + Y + Y) 
= (X'+ W)X' + YYW" + Y) 
2.23 (a) W + U'YV = (W + U?(W + YW + V) 2.23 (b) TW + UY'+ V 
= (T+U+Z)(T+Y'+V)(W+U+V)(W+Y'+V) 
2.23 (c) A'B'C + B'CD' + B'E' = B'(A'C + CD' + E) 2.23 (d) ABC + ADE' + ABF' = A(BC + DE' + BF’) 
= B'[E' + C(A' + D?] = A[DE' + B(C + F)] 
= B(E'+ CO(E' + A' + D) = A(DE' + B)(DE' + C + F' 
- A(B + DY(B + E)(C + F' + D(C + F' + E?) 
17 
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Unit 2 Solutions 


2.24 (a) [(XY)' + (X'+ Y)'Z]=X'+ V+ (X'+ Y)Z 2.24 (b) (X *(Y(Z + W)))' = XY(Z + Wy = X'YZW 
= X' + Y Z By Th. 11D with Y = (X' + Y) 


224(c [(A'+ BY’ + (A'B'C)' + CD] 2.24 (d) (A+ B)CD + (A * BJ - CD + (A * B) 
= (A' + B)A'B'C(C + D") = A'B'C (By Th. 11D with Y = (A + B)] 
- CD * A'B' 
225(a) F(P, Q, R, S)' = [(R' + PQ)S]' = R(P' + Q) + S' 
i sees : Mes $' 3 oe 2.25 (b) F(W, X, Y, Z)' = [X + YZW+X)]' 
= [X + X'YZ + WYZ]' 
2.25 (c) F(A, B, G; D)'= [A' + B' + ACD]' = [X + YZ + WYZ]' = [X + YZ]' 
= [A' + B' + CD]' = AKC' + D) - yy + xz 
2.26 (a) F = [(A' + B)'B]'C+B=[A'+B+B]C+B 2.26 (b) G = [(AB)'(B + C)J'C = (AB + BICC = ABC 
=C+B 
2.26 (c) H=[W'X(Y'+Z)]'=W+X+ YZ 2.27 F-(V-X*W)(V* X * Y)(V * Z) 


-(V*X-*WY(V-*Z)-V-«*Z(X + WY) 
By Th. 8D with X = V 


2.28 (a) F = ABC + A'BC + AB'C + ABC' 2.28 (b) Beginning with the answer to (a): 
= BC + AB'C + ABC' (By Th. 9) F - A(B * C) * BC 
= C (B + AB?) + ABC' = C (A+ B) + ABC' 


(By Th. 11D) A 
= AC + BC + ABC' = AC + B (C + AC?) B 
- AC + B(A + C) = AC + AB + BC DIDID 
C B F 
B 
C e) Alternate solutions: 


F - AB * C(A + B) 


E» j F - AC * B(A * C) 


QO > 


w > 
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Unit 2 Solutions 
2.29(a) xyz |x+y |x'+z | (x+y) | xz |xv |xz+xy 229 (0) 


229() xyz |xy |vz |xz |xveyz+x'z |xvex'z 779 Anc | Arc | asc 


229()  wxyz | wxy | wz | wxv«wz | w+z| w«xv | (wW'+z)(W+XxY) 


o0 |» |o] o [iyo] vo 
oooi | o |o] o —3 [9 | o 
ooro | o |o | o [i [9 | 0 
oor | o |o] 9 3 [9 | 0 
o1 | o |o] o 3 | | o 
or | o [9| o |i] | o 
oi [3 [9| 3 [3 3 | 1 
mig ai 9 o | ak | n 
1000 | o fo} 9 |9]3 | o 
roor | o fi} 3 l3 [3 ] 4 
1019 | 9 [o] o | 9 | a | o 
mii] s [i] 3 [l3 [3] 4 
1100 | o |o] o |o] |] o 
noi | o la] 3 [3]|3 | 1 
mo | [o] o [9 |3 | 0 
i Ua a 0 1 1 1 1 1 
2.30 F = (X*Y)Z + X'YZ' (from the circuit) 
= (X+Y'+ X'YZ)( Z-X'YZ) (distributive law) 
-(X*Y'- X)(X*Y'* Y(X*Y'*Z)(Z*-X)(Z*Y)Z*Z) (distributive law) 
= (1-Y)(X* D(X*Y'- Z)(Z-X)(Z*Y)(1) (complementation laws) 
= (D(1)X*Y'-Z)(Z-X)(Z-Y)(1) (0 and 1 operations) 
= (X*Y'*Z)(Z-X»(Z*Y) (0 and 1 operations) 
G - (X *Y' + Z'YX' * Z(Y * Z) (from the circuit) 
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Unit 3 Solutions 
Unit 3 Problem Solutions 


3.6(a) (W+X'+Z)(W'+Y)(W'+X+Z)(WEX)(W+ Y * Z) 


- (W * X) (W' * Y) (W' 4 X * Z) (W * Y * Z) 
- (W 4 X) [W' + Y (X + ZN] (W - Y * Z) 


= [W + X' (Y + Z)] [W' + Y(X + Z)] = WY (X + Z) + WX' (Y + Z) (Using (X + Y) (X' + Z) = XY +XZ with X-W) 
= WYX + WYZ' + WX'Y + WXZ 


3.6 (b) (AtBt*C*D)A-B*-C*D)(A *£ C) A4 D(B-C-* D) 


-(B-*C-*D)(A'* OC(A* D -(B* C* D)(AID* AC) (Using (X + Y) (X'+ Z) = XY + XZ with X = A} 
“ARB + ARC + AD + ARC AC + AED = A'D + AC 
Ww To 


3.7(a) BCD + C'D' + B'C'D + CD 


= ‘+ B'D) = (C' + D) [C + (D' + B'D)] (Using (X + Y) (X' + Z) = XY + XZ with X=C} 
-(C'* D) [C + (D' + B) (D' + D] = (C + D) (C + D' + B) 


3.7 (b) A'C'D' + ABD' + A'CD + B'D 


= D'(A'C' + AB) + D (A'C + B) 

= D'[(A'+ B) (A + C)] + D [(B' + A) (B' + C)] (Using XY + XZ = (X' + Y) (X + Z) twice inside the brackets} 
= [D + (A' + B) (A + C)] [D' + (B' + A) (B' + C)] (Using XY + XZ = (X' + Y) (X + Z) with X = D} 

=(D +A'+ B)(D +A + C) (D' + B'+A')(D'+ B'+ C) (Using the Distributive Law} 


3.8 KOON 
F = ABO [(A = D) + D] = AB 6 (AP^ A'D' + D) = AB@(A'D' + D) = ABO (A' + D) 
= (AB) (A' + D) + AB(A' + D)' = (A' + B?) (A' + D) + AB(AD? 
=A'+ B'D + ABD' {Using (X + Y) (X + Z) = X + YZ} =A'+ BD'- BID {Using X + X'Y=X + Y] 
3.9 A € BC = (A ® B) (A ® C) is not a valid distributive law. PROOF: Let A = 1, B=1,C=0. 

LHS: A®BC=191:-0=190=1. RHS: (A6 B) (AG C)-(161)(160)-0-1-0. 


3.10 (a) (X + W) (Y 8 Z) + XW' 3.10 (b) (A ® BC) + BD + ACD = A'BC + A(BC)' + BD + 
= (X + W)(YZ + YZ) + XW' ACD 
= A'BC + A (B' + C?) + BD + ACD 
= XYZ' + XXZ + WYZ' + WYZ + XW' = A'BC + AB' + AC' + * ACD 
Using Consensus Theorem = A'BC + AB' + AC'+ AD + BD + AED 
WYZ' + WY'Z + XW' (Add consensus term AD, eliminate ACD) 


= A'BC + AB' * AC' * BD 
(Remove consensus term AD) 


3.10 (c) (A' + C' + D)(A"+ B+ C)(A* B* D)(A* C * D) 


= (A' + C' + D) (B + C D) at ie (ABD) (A + C + D) Add consensus term 


=(A'+B+C)(A+B+D) 
= (A' + C' + D') (B + C' + D) (A + C + D) Removing consensus terms 
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Unit 3 Solutions 
3.11 (A+B'+C+E')(A+B'+D'+ E)(B'+C'+ D'+ E) =[A+ B' + (C + E) (D' +E) (B'+C'+ D'+ E) 
= (A+ B' + D'E' + CE) (B! + C' + D' + E) = B' + (A + D'E' + CE) (C' + D' + E) 
CD' {Add consensus term} 


= B' + AC' + AD' + AE' * ORE’ F De + D'E + CD'E = B' + AC' + '+ AE'+ CD' +CBE + D'E' 


= B'+ AC' * AE' * CD' * D'E' 


3.12 A'GD'E + A'BD' + + ABD = A'B'D' + ABD + BCD'E 


Proof: LHS: ASE + BCD'E + A'B'D' + Apt + ABD Add consensus term to left-hand side and use it to 
eliminate two consensus terms 


= BCD'E + A'B'D' + ABD This yields the right-hand side. 
-. LHS = RHS 


3.13 (a) KPMN'-* K'L'MN + MN' = K'L'MN + MN' = M(K'L'N + NP) = M(N' + KL) (Th. 11C with Y = N') = MN'+ K'L'M 
3.13 (b) KL'M' + MN' + LM'N' = KL'M' + N(M + LM’) = KL'M' + N(M + L) = KL'M' + MN' + LN' 
3.13(c) (K*L)(K + L' + N) (L! + M + N’) = L' + K (K! + N) (M + N’) = L' + KN (M + N) = L'* KMN 


3.13 (d) (K' + L + M' + N) (K'+ M' +N + E) (K'+M' + N + E) KM 
=[K'+ M' + (L+ N) (N+R)(N+R)] KM {Th. 8N twice with X = K' + M'} = [K' + M' + (L2—N)N] KM 
= [K' + M' + N] KM = KMN A J 


3.14 (a) K'L'M + KM'N + KLM + LM'N' = M' (KN + LN’) + M (K'L' + KL) 
= M'[(K + N) (L + N)] + M [(K' + L) (K + L)] (Th. 14 twice with X = N and X = L} 
- [M + (K * N) (L * N)][M' + (K'+ L) (K +L] (Th. 14 with X = M} 
=(M+K+N)(M+L+N)(M'+K'+L)(M'+K+L) {Distributive Law} 

3.14 (b) KL + K'L'+ L'WN' + LMN' = L' (K' + MN) + L (K+ MN) 
=(L+K'+M'N)(L'+ K + MN’) {Th. 14 with X = L} 
=(L+K'+M)(L+K'+N)(L'+K+M)(L'+K+N) 

3.14(c) KL + K'L'M + L'M'N + LM'N' = L' [K'M + M'N] + L [K + M'N'] =L'[(M+ N) (M' + K)] + LIK + M) (K + N)] 
- [L + (M + N) (M' + Ky)])I.' + (K + M’) (K + N)) = (L + M + N) (L + M' + K’) (L' + K + M’) (L' + K + N’) 


3.14 (d) K'M'N + KL'N' + K'MN' + LN = N (K'M' + L) + N'(KL' + KM) = N ( L + K) (L + M) + N'(L' + K)(K + M) 
= [N' + (L + K') (L + MJ [N + (L' + K) (K + M) = (N' + L + K)(N + L + M') (N + L' + K) (N + K + M) 


3.14 (e) WXY + WX'Y + WYZ + XYZ' = WY (X + X' + Z) + XYZ' = WY + XYZ' = Y (W + XZ) = Y (W + X) (W + Z) 


3.15 (a) E T EET, pu 


= (M' + NL + K'N) (M + KN) = M (LN + K'N’) + (M'K'N) (Using XY + X'Z = (X + Z)(X' + Y) with X = M} 
= MLN + MK'N' + M'K'N 


3.15 (b) (K'+L'+ M (K +M +N) (K +L)(K' +N) KFN) 


= [K' + N(L'+ M)] [K+ L (M + N)] = KN (L' + M) + K'L (M + N) = KNL' + KNM' + KLM + K'LN' 


3.15 (c) (K'+L'+M) K +N) (K+ L +N) K + L) (KEM 


=[K' + (L'+ M (L+ N)] (K+ EN) = (K' + LM+L'N)(K+LN’) (Th. 14 with X = L} 
= K (LM + L'N) + K'LN' (By Th. 14 with X = K} 
= KLM + KL'N' + K'LN' 
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Unit 3 Solutions 
3.15 (d) (K+ L+M)(K'+L'+N)(K'+L'+M)(K+L+N)=(K+L+MN)(K'+L'+ MN) 
= K(L'+ MN) + K(L* MN) {Th. 14 with X = K} = KL' + KM'N' + KL + K'MN 


3.15 (e) (K+L+M)(K+M+N)(K'+L'+ M? (K' * M' + N) =(K+M+LN)(K'+M'+L) 
= K(M' + L'N) + K(M + LN) = KM' + KL'N' + K'M + KLN 
Alt. soln's: KM' + K'M + L'MN' + LM'N (or) KM' + K'M + K'LN + L'MN' (or) KM' + K'M + KL'N' + LM'N 


3.16 (a) (KLG M) + M'N' = (KLM + KLM' + M'N' = (K'+ L) M + KLM' + M'N' = M(K' + L’) + M(KL + N) 
= (M'+ K'+L')(M+N'+KL) =(M'+ K -* L)(MeN'* KM * N' * L) 


316(b) M(K@N’) + MN + K'N = M'[KN' + KN] + MN + K'N = K'H'N' + KM'N + MN + K'N 
= K'M'N' + N(M + KM' * K) 
= K'M'N' + N(M + K' + M) = K'M'N' + N = N + K'M' = (K' + N\(M'+ N) 


3.17 (a) x=0 = x(0) + x'(0)' = x' 
(b) x=1=x(1)+x'(1)'=x 
(c X=X =xX(xX) + x(x) =x+x'=1 
(d) xax' = x(x’) + x (x) =0 
(e) xasay-7xy *txy'-yxtyx'-ysex 
(D (xsy)ez- (Xy + xy) ez = (XY + xy)z + (xy! + xy! = xyz + xy'z + xyz'  xyz' 
= x(yz + yz) + x (yz + yz) = x(yz + yz) + x(yz + yz) = x = (yz + yz) =x = (y =Z) 
(g (xs! = (xy + xy) = (X + y) +y) = xy + xy = x By 2 xy * xy =x’ 


3.18 (a) x &0 = x(0)' + x'(0) =x 
(b) x®1 =x(1)'+ x(1) 2 x 
(c) x x = x(x)' + x (x) 0 
(d x&x'-2x(x)' *x(x)-2x-*x-1 
(e) xOy =xy' txy-yxtyx-yGOx 
(D XBY) Oz = Qy' + xy) Oz = Qy' + xy! + (xy! + xy)z = ay'z! + xyz' + xyz + xyz 
= x(yz + yz) + x(yz' + yz) = x(yz + yz) + x(yz + yz) =x® (yz + yz) =x®(y ®z) 
(g (x®y)' = Qy' + xy) = (x * x *y) = xy + xy =x Oy = xy + xy 2x y! 


3.19 (a) xOy Oxy =x @ [y(xy)' + y Gy)] = x € [yx] = xx) + xx) = x(y*x) *xy x txy=x+y 
(b) xey =xy = (xy + xy) &xy = (xy + xy)xy + (xy + xy)'Qy)' = xy + (xy! *xy)x' + y) = xy + xy + xy! 
=xt+y 
3.20 (a) xy Oxz = xy(x' + z^) + (x' + y)xz = xyz' + xyz = x(yz' + yz') = x(y ® 2) 
(b) For y = 1, the left hand side is x + z' but the right hand side is xz' which are not equal. 
(c) Fory = 0, the left hand side is xz' but the right hand side is x' + z' which are not equal. 
(d (+y) = (X+ z) = (x + y) + z) + (x + y)'(x tA)! =x + yz + yy) =x + yz xyz =x + yn yt! 
=x+ (y = Z) 


3.21 (a) BC'D' + ABC' + AŽD + AB'D + A'BD' = BÑ'D' + ABC' + AB'D + A'BD' = ABC' + AB'D + A'BD' 
3.21 (b) W'Y' + WYZ + XYZ + WX'Y + WXZ = WY' + WYZ + XVZ + WX'Y + WXZ = W'Y' + WYZ + WX'Y + WXZ 
“TT 
= WY + WX'Y + WXZ 
3.21 (c) (B£EFD) (A+ B+C)(A'+C+D)(B'+ C'+D) = (A+B+C) (A +C + D(B'*C * D) 
ee 
3.21 (d) W'XY + WXZ + WYZ + WZ' = WXY + WXZ + WYZ «WZ' + XYZ = WYZ + WZ' + XYZ 


XYZ (add consensus term) 
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Unit 3 Solutions 
3.21 (e0) ABE + BC'D' + AED + B'CD + A'BD = BC'D' + B'CD + A'BD 


3.21 (f) 


3.22 


3.23 


3.24 


3.25 (a) 


3.25 (c) 


3.25 (e) 


(A + B + C) (B + C' + D) (A3-B^D) (A' + B' + D) = (A + B + C) (B + C' + D (A' + B' + D) 
ONL S m 


Z = ABC + DE + ACF + AD' + AB'E' = A (BC + CF + D' + B'E) + DE 
= (A + DE) (DE + BC + CF + D' + B'E) (By Th. 8D with X = DE} 
= (A + D) (A + E) (BC + CF + D' + E + B'E) 
= (A + D) (A + E) (D' + E + B' + BC + CF) {Since E + B'E' = E + B'} 
= (A + D) (A + E) (D' + E + B' + C + CF) {Since B' + BC = B' + C} 
= (A + D) (A + E) (D' + E + B' +C) {Since C + CF = C} 
= (A + DE) (D'+E + B'+ C) 


= AD'* AE + AB' + AC + DE + Df + Dp {eliminate consensus term AE; use X + XY = X where X = DE} 


= AD' + AB' + AC + DE 


F = A'B + AC + BC'D'+ BEF + BDF = (A+ B) (A' + C) + B(C'D' + EF + DF) 
= [(A + B) (A' + C) + B][(A + B) (A' + C) + CD' + EF + DF] 
= (A + B) (A' + C + B) (A + B + C'D' + EF + DF)(A'+ C+ CD'+ EF + DF) 
BYC C TD' 
A + B) (A' C + B) (AX. B-G-CD-——EF-- DF) (A'+ C+ D'+ EF * D 
( ADC B) ( F) 


= (A+ B) (B + C) (A' +C + D' + FE + DF) = (A + B) (B + C) (A' + C + D' + E + FE) 
= (A + B) (B + C) (A'+ C + D' + F) 
=(B+AC)(A'+C+D'+F) 


= (AB + Bg BD' + BF + AC + AGB + 44 = A'B + BD' + BF + AC 
use consensus, X + XY = X where X = AC 


X'Y'Z' + XYZ = (X + YZ) (X + YZ) = (X + Y) (X * Z) (€ +Y (X' * Z(Y * Z) 
XU UU 


-(X* Y)G + Z UN Y QC € 20 2) = Qo Y) ON) H+ 207 Z) 


- (X * Y)QU * Z)Q + Z) 
Alt.: (X'+ Y) (Y' + Z) (X + Z’) by adding (Y' + Z) as consensus in 3rd step 


xy + X'YZ' + yz = y (X + X'z') + yz = xy + yz' + yz 3.25 (b) (xy' + z) (x + y) z = (xy' + xz + yz)z 
=xyty=y =xyzt+xzt+yz=xz+yz 

Alternate Solution: xy + x'yz' + yz = y (x + x'z' + z) Alternate Solution: (xy' + 2) (x*ty)z-z(x-*y) 
=y +z +z)=y(x+1)=y = 2x + zy’ 

xy tzt(x *y)z 3.25 (d) a'd (b' + c) + a'd' (b + c?) *(b' + c) (b + c) 


= x'y + (x' + y) {By Th. 11D with Y = z} 


CAE PI eae aa RE yere = alka + Kg + aka’ + aR "+ b'c' + bc 
Alt.: xy' + z + (x' + y) z' = (xy' + z) + (xy' +z) =1 


= a'b'd + a'bd' + b'c' + bc' 
wX + ay P X + wa! Te Add redundant term Other Solutions: b'c' + bc + a'c'd' + a'b'd 


a aca tot ty! b'c' + bc + a'c'd' + a'cd 
7 i ddl b'c' + bc + a'bd' + a'cd 
= Xy'tyztwZz-t xf Remove redundant term 


= xy'tyztw'Zz 
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3.25 (f) 


3.26 (a) 


3.28 (b) 


3.28 (d) 


3.28 (f) 


A'BCD, + MIM B'EF+ CDE'G+A'DEF+A' BYE 
= A'BD + B'EF + CDE'G + A'DEF (consensus) 


= A'BD + B'EF + CDE'G 


A'C'D' + AC' + BCD + A'CD' + A'BC + ABK if 
= A'D'+ AC' + Bep + A'BC consensus 


= A'D' + AC' + BCD 


WXY' + (WY' = X) + (Y 6 WZ) 
= WXY' + WYX + (WY) X' + Y(WZ) + YWZ 
= WXY' + WXY, + (W + Y) X' + Y(W' + Z) + YWZ 


= XY + WX' + X'Y + W'Y + YZ' + WYZ + WY 
L1. ae 


= XY + WX' + XY + WY + YZ WEL + wy 
UN A - 
= XY' + WX' + WY + YZ' + WY 


= XY'+ WX' + W'Y + YZ' 

Alternate Solutions: F = W'Y + WX' + WZ' + XY' 
F = YZ' + W'X + XY' + WY' 
F= W'X + X'Y + XZ' + WY' 
F= W'X + XY' + WZ + WY' 


NOT VALID. Counterexample: a= 0, b= 1, c= 0. 
LHS = 0, RHS = 1. .. This equation is not always 
valid. 

In fact, the two sides of the equation are 
complements: [(a + b) (b + c) (c + a)]' 

= [(b + ac) (a + c)]' = [ab + ac + bc]' 

= (a' + b) (a' + c) (b' + c) 


VALID: LHS = xy' + xz + yz 
consensus terms: y'z, XZ', x'y 
= RU ARIZ + BR + y'z + xz' + x! 
=yz+xz'+x'y=RHS 

VALID: LHS = abc' + ab'c + b'c'd + bcd 


consensus terms: ab'd, abd 

= abc' + ab'c + b'c'd + bcd + ab'd + abd 
a 

abc' + ab'c + ad + bcd + b'c'd = RHS 
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3.25 (g) 


3.26 (b) 


3.28 (a) 


3.28 (c) 


3.28 (e) 


Unit 3 Solutions 
[(a' + d' + b'c)(b+d+ac')|'+ b'c'd' + a'c'd 
= ad (b + c^) + b'd' (a' + c) *b'c'd' + a'c'd 


= abd + ac'd* a'b'd' + c + b'c'd' + a'c'd 


c'd b'd' 


- abd ENG + bid + c'd = abd + b'd' + c'd 


A'B'C' + ABD + A'C + AE€D' + AC'D + AB'C' 


= B'C' + ABD + A'C + AC'D 


= B'C' + ABD + A'C 


VALID: a'b * b'c * c'a 
= a'b (c + c?) + (a + a) b'c + (b + b’) ac' 


= a'bc + a'bc' + ab'c + a'b'c + = + ab'c' 
=a'c+ bc' + ab' 


Alternate Solution: a'b + b'c + c'a 
Add all consensus terms: ab', bc', ca' 
-. We get = ND * Nc + * ab' * bc' * ca' 


=ab'+ bc' + ca' 


VALID. Starting with the right side, add consensus 
terms 
RHS = abc + ab'c' + b'cd + bc'd + acd + ac'd 


= abc + ab'c' + b'cd + bc'd + acd + ac'd 


= abc + ab'c' + b'cd + bc'd + ad = LHS 


NOT VALID. Counterexample: x = 0, y = 1, z = 0, 
then LHS = 0, RHS = 1. .. This equation is not 
always valid. In fact, the two sides of the equations 
are complements. 

LHS = (x + y) (y +z) (x + z) 

= [K ty) + O +z) + (x+ zT 

= (xy + yz! + xz)! = pe( ez) yz 

[K + yz) (y * z' * yz)r 

-[( + y) @ + z) (y' * zy 

£y) +2) +z) 
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Unit 3 Solutions 


3.29 SUM = (X € Y) ® Gi = (XY + XY) 6 Gi XY: SUMC, 
= (XY' + X'Y)G + (XY + X'Yy'C; 000 0 0 
= XY'C;' + X'YC;' + X'Y'C; + XYC; 001 1 0 
Co = (X € Y)C; + XY 010 1 0 
= XY'C; + X'YC; + XY 011 0 1 
= XC; + YC; + XY 100 1 0 
101 0 1 
110 0 1 
111 1 1 
3.30 ABC F 3.31(a) VALID: 
000 0 LHS = (X' - Y) (X € Z) * (X * Y (X 9 Z) 
001 0 = (X' + Y) (X'Z' + XZ) + (X + Y (XZ + XZ) 
010 0 = X'Z' + XYZ! + XY'Z + X'VZ + XZ' + XYZ 
011 1 
100 0 = 
101 1 = XZ' + (XY + XY)Z + XZ’ 
110 1 = Z' + Z(X @Y) =Z' + (X G Y) = RHS 
111 1 
F=AB+AC+BC 


3.31 (b) LHS =(W' + X + Y) (W + X' + Y) (W + Y + Z) = (W' + X + Y) (W + (X' + Y) (Y + Z) 
= (W' + X + Y) (W + (X'Y' + YZ)) = (W (XY + YZ) + W (X + Y) = WX'Y' + WYZ + WX + WY 


consensus terms: YZ 


= W'X'Y' + W'YZ + WX + WY + XYZ + X'Y' = XY" + W'X'Z + WYZ + XYZ + WX + Lad + X'Y' 


= WHT + WYZ + XYZ + WX + XY = WYZ + XYZ + WX + XY 
X a ae 


3.31(c) LHS = ABC + A'C'D' + A'BD' + ACD = AC (B + D) + A'D' (B + C) = (A+ D' (B + C?) (A' + C(B + D)) 


-A*D)A*BrC)A Y O( BAD -(AYD)A* Br C) (A * QUU v BD B+ C+D) 


consensus: B+C'+D 


= (A+ D?) (A +B'C) (A' + C) (B + C' + D) = (A+ D (A' + C) (B + C' + D) = RHS 


3.32 (a) VALID. [A+ B = C] = [D'(A + B) = D'(C)] 3.32 (b) NOT VALID. Counterexample: A= 1, B- C-0 
[A + B = C] = [AD' + BD' = CD] and D = 1 then LHS = (0)(0) + (0)(0) = 0 
RHS = (0)(1) = 0 = LHS 
butB+C=0+0=0;D=14B+C 
.. The statement is false. 


3.32 (c) VALID. [A+ B=C]=>[(A+B)+D=(C)+D] 3.32 (d) NOT VALID. Counterexample: C = 1,A=B=0 
[A+B=C])=>[A+B+D=C+D] and D = 1 then LHS =0+0+1=1 
RHS =1+1=1=LHS 
butA+B=0+0=04D 
.. The statement is false. 
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3.33 (a) A'C'-* BC + AB' + A'BD + B'C'D' + ACD' 


3.34 


3.36 


Consensus terms: (1) B'C' using A'C' + AB' 

(2) A'B using A'C' + BC (3) AC using AB' + BC 
(4) AB'D' using B'C'D' + ACD' 

Using 1,2, 3: A'C' + BC + AB'+ABD + ge D 
+ ACD’ + B'C' + A'B + AC = A'C' + BC + AB' 
(Using the consensus theorem to remove the added 
terms since the terms that generated them are still 
present.) 


abd'f' + b'cegh' + abd'f + acd'e + b'ce 

= (abd'f' + abd'f) + (b'cegh' + b'ce) + acd'e 
= abd'+ b'ce + acd'e 

= abd'+ b'ce (consensus) 

= (b + ce)(b' + ad^ 

= (b + c)(b + e)(b' + ay(b' + d") 


abc' + d'e + ace + b'c'd' 
= (d' + abc' + ace + b'c'd\(e + abc' + ace + b'c'd') 
= (d' + abc' + ace)(e + abc' + b'c'd') 
= [d' + a(bc' + ce)][e + c'(ab + b'd^)] 
= [d' + a(b + c)(c'+ e)lle + c'(a + b)(b + d')] 
= (d' + a)(d' + b + cy(d' + c' + e)(e + c) 
(e * a * be * b * d") 
= (d' + a)(d' + b + cy(e + c? 
(e * a * b)(e * b * d") 
= (d' * a)(d' + b + cy(e + c)(e +a + b") 
(consensus) 
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3.33 (b) 


3.35 


3.37 


Unit 3 Solutions 
A'C'D' * BC'D * AB'C' * A'BC 
Consensus terms: 
(1) A'BC' using A'C'D' + BC'D 
(2) AC'D using AB'C' + BC'D 
(3) B'C'D' using A'C'D' + AB'C' 
(4) A'BD' using A'C'D' + A'BC 
(5) A'BD using BC'D * A'BC 
Using 1: A'C'D' + BC'D + AB'C' + ABE + A'B, 
which is the minimum solution. 


(a + c)(b'* d)(a + c'* d')(b'+ c'* d") 
= (a + cd')(b'+ c'd) 
= ab'+ ac'd + b'cd' 


(a) (x =y)'= (xy + xy)' = (x' + y)(x + y) 
=x'y+xy'=x@Oy 

(b) a'b'c' + a'bc + ab'c + abc' 
= a'(b'c' + bc) + a(b'c + bc’) 
=a(b=c)+a(bsc)' 
=a'=(b=c) 
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Unit 3 Solutions 
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4.1 
4.2 


4.3 


4.4 (a) 


4.4 (b) 


4.5 


4.6 (a) 


4.6 (b) 


Unit 4 Solutions 
Unit 4 Problem Solutions 


See FLD p. 695 for solution. 


L'ABCODE]  —— ly || 42(a) Y-A'B'C'D'E' + AB'C'D'E' + ABC'D'E' 
0000 |textan iam [+] ME 

110000 |(atleast10gpm) |+ | | 42(b) Z=ABC'D'E' + ABCD'E' + ABCDE' 
PEXTXJCT- a 

PESEXJICISTET omy | [J 

PEEENJ[-T TTE MAR 

car lesen) MN 


F, => m(0, 4, 5, 6); F, = ) m(0, 3, 4, 6, 7); F, + F, = ¥ m(0, 3, 4, 5, 6, 7) 
General rule: F, + F, is the sum of all minterms that are present in either F, or F,. 


Za Za 25.1 23 
Proof: Let F, E am; F, -AMbm; F +F, = am, > bm, - aym, + a m, + a,m, + ... 
i-0 j=0 i=0 j-9 23.4 
+ bm, + bm, + bn, +... = (a, + b,) m, + (a, + bj) m, + (a, + b) m, +... =À (a, + b.) m, 
i- 


2? 2223-24-16 


0101 
00110 1 1 
00001 1 1 
0 11 111 1-1 
Ss ey Bye Rar c-r cua 
m tx Y X x x 
D D 
x x< 
Alternate 
Solutions 
1 These truth table entries were made don't cares because 
ABCIDEFIZ 
ABC|D E F |z ABC = 110 and ABC = 010 can never occur 


[o00|1 1%f1 | 2 These truth table entries were made don't cares because 
when F is 1, the output Z of the OR gate will be 1 regardless 
XX! xi of its other input. So changing D and E cannot affect Z. 

3 These truth table entries were made don't cares because 

011 2 X? 1 

a GE grS when D and E are both 1, the output Z of the OR gate will 
[1005 0 ofo be 1 regardless of the value of F. 
^ These truth table entries were made don't cares because 


x x x when one input of the AND gate is 0, the output will be 0 


Irii[x o oo | regardless of the value of its other input. 


Of the four possible combinations of d, & d., d, = 1 and d, = 0 gives the best solution: 
F = A'B'C' + A'B'C + ABC' + ABC = A'B' + AB 


By inspection, G = C when both don’t cares are set to 0. 
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Unit 4 Solutions 
4.7 (a) Exactly one variable not complemented: F = A'B'C 4.8 (a) F(A, B, C, D) Y m(0, 1, 2, 3, 4, 5, 6, 8, 9, 12) 


+ A'BC' + AB'C'-Y m(1, 2, 4) Refer to FLD p. 695 for full term expansion 
4.7(b) Remaining terms are maxterms: 4.8(b) F(A, B, C, D) = [] M(7, 10, 11, 13, 14, 15) 
F =| | M(0, 3, 5, 6, 7) = (A + B+ C) (A+ B' + C) Refer to FLD p. 695 for full term expansion 


(A' + B + C) (A + B' + C) (A' + B' + C) 


4.9 (a) F= abc'+ b'(a + a?) (c +c’) = abc' + ab'c + ab'c' 

4.8 ABCD] | |E] + a'b'c + a'b'c'; F = Y m(0, 1, 4, 5, 6) 

- 

4.9(c)  Maxterms of F are minterms of F': 

F-YmQiTD) 

4.9 (d) Minterms of F are maxterms of F*: 

F'- TIMO, 1,4, 56) 

orri firs fo] 

Toro [axa=a>2 fo] 

oii [2xs=6>2 [o] 

toi fsxiz3>2 fo] 

iio [sx2=6>2 fo] 

iii [sxs=9>2 fo] 


4.10 F(a, b, c, d) = (a + b + d) (a' + c) (a' + b' + c') (a + b + c' + d) 


Remaining terms are maxterms: F = [[ M(2, 3, 7) 


-(atb*c*d)(a*b-*c'*d)(a ^ c+ bb'+ dd)(a' ^ b'*c'*d)(a ^ b'*c'*d)(a*b*c'*d) 
-(atb*c*d)(a*b-*c'*d)(a *b*c*d)(a * b*c*d)(a ^ b'*c*d)(a * b'* c* d) 
(a'+b'+c't+d)(a't+b'+c'+d)(a+bt+c'+d) 


4.10 (a) F=¥ m(1, 4,5, 6, 7, 10, 11) 4.10 (b) F = [[M(0, 2, 3, 8, 9, 12, 13, 14, 15) 


4.10 (c) F'- Y m(0, 2, 3, 8, 9, 12, 13, 14, 15) 4.10 (d) F'-[[M(1, 4, 5, 6, 7, 10, 11) 


4.11 (a) difference, d, = x, ® y, ® b; b, - bx' * xy, + by, 4.11 (b) d, = s; b, is the same as c, , with x, replaced by x,’ 


4.12 See FLD p. 696 for solution. 
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4.13 ze dcs E Mrs 
- A'B'C' * ABC * AB'C'D' * 
ABCD 
[0010]|0. = A'B'C' + ABC + AB'C'D' + 

A'BCD + BCD + B'C'D' 

0011 [|0| (Added consensus terms) 
——-— +. Z = A'B'C' + ABC + BCD + 

0101 B'C'D' 
foro fo] , 
D 
d 
mooo] 4 
orofo 


B 
C 
eiie] s 
miooo] § 
C 

D 


hot fo] 


4.14 Z 

[0000 [o] 
woor fo] 
0010 fo 
wori fo] 


0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 


hiro fo] 
Graaf] 
ho fo] 


Unit 4 Solutions 


Z = A'BC'D + A'BCD' + A'BCD + 


AB'C'D' + AB'C'D + AB'CD' 
+ AB'CD 


= A'BD + AB'C' + AB'C + A'BCD' 
= AB' + A'BD + A'BCD' + A'BC 


(Added consensus terms) 


- Z = AB' + A'BD + A'BC 


4.15 (a) Prime digits are 1, 3, 5, and 7 represented as 0010, 0111, 1011 and 1110. The minterms are A'B'CD', A'BCD, 
AB'CD and ABCD'. The don't care minterms are A'B'C'D', A'B'CD, A'BC'D, A'BCD', AB'C'D, AB'CD', ABC'D' 


and ABCD. 


(b) Nonprime digits are 0, 2, 4, and 6 represented as 0001, 0100, 1000 and 1101. The maxterms are A + B + C + D', 
A + B'+ C + D, A'™+ B + C + Dand A'* B'+ C + D'. The don't care maxterms are A + B + C + D, A + B + CHD', 
A+ B'+C+D',A+Bt+C'+D,A'+B+C+D',A't+Bt+C'+D,A'+ B'+ C+ DandA't B'+ C+D. 


4.16 Truth Table 
(@) 
0000 minterms of z: 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15 
0001 minterms of y,: 4, 5, 6, 7, 8, 9, 
0010 10, 11, 12, 13, 14, 15 
0011 |1 01 |don't care minterm: 0 
minterms of yp: 2, 3, 8, 9, 10, 
0100 11, 12, 13, 14, 15 
0101 |1 10 J|don't care minterm: 0 
0111 (b) 
1000 1111 maxterms of z: 0 
maxterms of y,: 1, 2,3 
1001 don't care maxterm: 0 
1010 maxterms of yg: 1, 4, 5, 6, 7 
1011 |111 |don't care maxterm: 0 


4.17 Truth Table 


QN 
dogo iooi memso W: U, 


minterms of x: 2, 3, 4,5 
0001 |1000 minterms of y: 2, 3, 6, 7 
0010 |0 11 1 |minterms ofz: 0, 2, 4 

0011 [0 1 10 |dont care minterms: 


,6,8 
0, 11, 


es 


i 

maxterms of w: 2, 3, 4, 5, 6, 

maxterms of x: 0, 1, 6, 7, 8 

maxterms of y: 0, 1, 4, 5, 8, 

maxterms of z: 1, 3, 5,7, 9 
0 


1010 |x x x x |don't care maxterms: 10, 11, 
1011 12, 13, 14, 15 
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Unit 4 Solutions 
4.18 (a), Truth Table 


(b) 


4.19 (a) 


4.19 (b) 


4.19 (c) 


4.19 (d) 


4.20 


4.22 (a) 


4.22 (c) 


4.23 


Q 


minterms of W: 0, 1, 2, 3, 6 
cS pA Td minterms of X: 0, 1, 2, 3, 9 
0001 |1110 minterms of Y: 0, 1, 9, 12, 13 
0010 |1101 Jminterms of Z: 0, 2, 6, 12,14 


0011 |11090 |dont care minterms: 4, 5, 7, 
0101 (b) 

0110 |1001 |maxterms of W: 9, 12, 13, 
1000 eee o i 6, 12, 13, 14, 
15 
1001 |0110 maxterms of Y: 2, 3, 6, 14, 

1010 15 

1011 |x x x x |maxterms of Z: 1, 3, 9, 13, 
15 

1100 [0011 

1100 |0011 don't care maxterms: 4, 5, 7, 

1101 |0010 8, 10, 11 


The buzzer will sound if the key is in the ignition switch and the car door is open, or the seat belts are not fastened, 
i 
B K D S' 


-. The two possible interpretations are: B = KD + S' and B = K(D + S?) 


You will sam weight if you eat e much, or you do 


4.18 (a), Alternative Truth Table 


b) 


not exercise 


enough and your metabolism rate is too low. 
M 


@ 


minterms of W: 0, 1, 2, 3, 7 
SOUU eS minterms of X: 0, 1, 2, 3, 8 
0001 |1 11 0 |minterms of Y: 0,1, 9, 12, 13 
0010 |1101 |minterms of Z: 0, 2, 8, 12, 14 


0011 11100 |don't care minterms: 4, 5, 6, 

0101 (b) 

0110 maxterms of W: 8, 12, 13, 

0111 [1000] 1415 

1000 lo111 maxterms of X: 7, 12, 13, 
14,15 

1001 maxterms of Y: 2, 3, 7, 14, 

1010 15 

1011 maxterms of Z: 1, 3, 7, 13, 
15 

1100 [0011 

1100 |0011 don't care maxterms: 4, 5, 6, 
1101 [0010 9, 10, 11 


-. The two possible interpretations are: W = (F + E?) M and W = F + E'M 


The speaker will be damaged if the volume is set too high and 
D V 


loud music is played or the stereo is too powerful, 


M S 


.. The two possible interpretations are: D = VM + S and D = V (M + S) 


The roads will be very slippery, if it snows or it rains and [here is oil on the road. 
V S R O 


.. The two possible interpretations are: V = (S + R) O and V = S + RO 


Z-7AB * AC + BC 


13,, = D,, = 0001101; .. X = A'B'C'DEF'G 


4.21 


Z = (ABCDE + A'B'C'D'E?); Y = A'B'CD'E 


4.22 (b) 10,, = 0001010; ~. Y= A'B'C'DE'FG' 


0,, = 0000000,; 64,, = 1000000,; 31,, = 0011111,; 127,, = 1111111,; 32,, = 0100000,; ~. Z = (A'B)'=A+B 


F F, = [[ M(0, 4, 5, 6, 7). General rule: F F, is the product of all maxterms that are present in either F, or F,. 


Proof: 


Let F, = [] (a, + M); F, = [[ (b, + M); FF, = ŢI (a, + M) [] (b, + M) 


= (a, + M, (b, + Mj) (a, + M) (b, + M) (a, + Mj) (b, + M,) ... = (a,b, + Mj) (a,b, + M,) (a,b, + M,) ... 


=] (ab, 5 M) 


Maxterm M, is present in F F, iff a,b, = 0, i.e., if either a, = 0 or b, = 0. Maxterm M, is present in F iff a, =0. 
Maxterm M, is present in F, iff b; = 0. Therefore, maxterm M, is present in F F, iff it is present in F, or F,. 
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4.24 


4.25 


4.27 


Unit 4 Solutions 


F * F,-[[M(0, 4). General rule: F, + F, is the product of all maxterms that are present in both F, and F,. 
Proof: 


254 254 25-4 


25.1 
LetF,= >) (am; F," 9 (bm); F,+F,= > (am)* Y (bm) 
i=0 i-0 i-0 120 
- aym, + bum, + am, + bm, + am, + b,m,) ... = (a, + bm, + (a, + b,)m, + (a, + bm, + ... 
24 
=> (a, + b)m, 


i=0 
Minterm m, is present in F, + F, iff a, + b, = 1, i.e., if either a, = 1 or b, = 1 so maxterm M, is present in F, + F, if a, = 
0 and b, = 0. Therefore, maxterm M, is present in F, + F, iff it is present in both F, and F,. 


(a) F(A, B, C, D) = 4.26 (a) F(A, B, C, D) = 
£ m(5, 6, 7, 10, 11, 13, 14, 15) È m(5, 7, 10, 11, 13, 14, 15) 
= [Į M(O, 1, 2, 3, 4, 8, 9, 12) = [I M(0, 1, 2, 3, 4, 6, 8, 9, 
13) 
(b) G (A, B, C, D) = 

Y. m(0, 2, 4, 6) (b) G (A, B, C, D) - 
= [1M(1,3,5, 7,8,9, 10, 11, È m(0, 1, 2, 4, 8) 
12, 13, 14, 15) = [[M(3,5, 6, 7,9, 10, 11, 12, 
fo101 [10001 f0101 [10001 13, 14, 15) 
(© H(A, B, C, D) = 
La te Pay 

= [| M(0, 1,2, 3,4, 5, 6, 8,9, 7, 11, 13, 14, 15 
uen nn o A 
10,12) 
(DJ (^. B, C, D) = 
Y; m(4, 8, 12, 13, 14) (d) J (A, B, C, D) - 

= [] M(6, 1,2,3,5,6, 7, 9, 10, 4, 8, 12, 13, 14 
Dus uS Tad 
1,15 


You can also work this problem using a truth table, 4.28 
as in problem 4.28. 
f(a, b, c) = a(b + c) = ab + ac' = ab (c + c) + 

a(b + b') c' = abc + abc' + abc' + ab'c' 


m, m. m. m, 


(a) f= > m(1, 2, 4, 5, 6, 11, 12, 
14, 15) 


(b) f = [[M(0, 3, 7, 8, 9, 10, 13) 


(© f' = > m(0, 3, 7, 8, 9, 10, 13) 
f=} m(4, 6,7) f-[[M(0, 1, 2, 3, 5) 
(d) f'= J| MQ, 2, 4, 5, 6, 11, 12, 
f' 7 3m(0,1,2,3,5) f'- [1M(4, 6, 7) 14, 15) 

You can also work this problem 
algebraically, as in problem 4.27. 
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Unit 4 Solutions 


4.29 (a) 


4,30 (a) 


4.31 (a) 


4.31 (b) 


4.32 (a) 


4.32 (c) 


4.33 


4.34 (a) 


f(A,B,C,D) = AB* A'CD = ABC'D' + ABC'D 4.29 (b) f(A,B,C,D) = (A* B- D'(A'* O(C* D) 
+ ABCD' + ABCD + A'B'CD + A'BCD = (A+B+D')(A'D+C) = AC+A'BD+BC+CD' 
= (A+A'CD)(B+A'CD) = (A+C)(A+D)(A'+B) = AC(B+B')(D+D')+A'BD(C+C’) 
(B+C)(B+D) +BC(At+A')(D+D')+(At+A')\(B+B')CD' 
f(A,B,C,D) = (A+B'+C+D'(A+B'+C+D) = ABCD+ABCD'+AB'CD+AB'CD'+A'BCD 
(A+B+C+D'(A+B+C+D)(A+B'+C'+D) +A'BC'D+ABCD+ABCD'+ABCD+A'BCD' 
(A+B'+C+D)(A+B+C'+D)(A+B+C+D) +ABCD'+AB'CD'+A'BCD'+A'B'CD' 
(A'+B+C'+D')(A'+B+C'+D)(A'+B+C+D') = ABCD+ABCD'+AB'CD+AB'CD'+A'BCD 
(A'+B+C+D)(A'+B+C+D'\(A'+B+C+D) +A'BC'D+A'BCD'+A'B'CD' 
(A+B+C+D'/(A+B+C+D)(A'+B+C'+D) f(A,B,C,D) = (A+B+CC'+D')(A'+BB'+C+DD') 
(A'+B+C+D)(A+B+C'+D)(A+B+C+D) (AA'+BB'+C+D) 
= (A+B'+C+D'(A+B+C+D')(A+B'+C'+D) = (A+B+C+D'/(A+B+C'+D')(A'+B+C+D) 
(A+B'+C+D)(A+B+C'+D) (A+B+C+D) (A'+B+C+D')(A'+B'+C+D)(A't+B'+C+D') 
(A'+B+C'+D')(A'+B+C'+D)(A'+B+C+D' (A+B+C+D) (A+B'+C+D)(A'+B+C+D) 
(A'+B+C+D) (A'+B'+C+D) 
Note: Consensus could have been applied twice to = (A+B+C+D')(A+B+C'+D'\(A'+B+C+D) 
write f = (A+C)(A+D)(A'+B) and save some work. (A'+B+C+D'/(A'+B'+C+D)(A'+B'+C+D') 
(A+B+C+D)(A+B'+C+D) 
F(A, B, C, D) = X m(3, 4, 5, 8, 9, 10, 11, 12, 14) 4.30 (b) F(A, B, C, D) = [[ M(0, 1, 2, 6, 7, 13, 15) 
F = A'B'CD + A'BC'D' + A'BC'D + AB'C'D' + F=(A+B+C+D)\A+B+C+t+D) 
AB'C'D + AB'CD' + AB'CD + ABC'D' + ABCD' (A+B+C'+ D(A* B'* C'* D) 


(A-B'*CDYA' +B' +C +D) 
(A4 B'4 CD) 


m, m. m, m. m, m, 


ma m m m, 


F(A, B, C, D)  [1M(1,2,5,6,10,15) = (A + B + C + D) (A + B + C' + D) (A + B' + C + D’) (A+ B' + C' D) 


M, M, M; M, 
(A' * B * C' * D) (A' - B' * C' * D) 
Mi M, 

If don't cares are changed to (1, 1), respectively, 4.32 (b) If don't cares are changed to (1, 0), respectively 

F, = A'B'C' + ABC + A'B'C + AB'C F, = A'B'C'* ABC' + AB'C' + ABC' = C' 

= A'B' + AC 

If don't cares are changed to (1, 1), respectively 4.32 (d) If don't cares are changed to (0, 1), respectively 

F,=(A+B+C)(A+B+C')=A+B F, = A'B'C' + A'BC + AB'C' + ABC 

= B'C' + BC 


1 These truth table entries 
were made don't cares 
because ABC - 110 and 
ABC - 011 can never 
occur. 

? These truth table entries 
were made don't cares 
because when one input 
of the OR gate is 1, the 
output will be 1 regardless 
of the value of its other 
input. 


G (A, B, C) = X m(0, 7) = [[M(1, 2, 3, 4, 5, 6) 4.34 (b) G.(A, B, C) = ¥ m(0, 1, 6, 7) = [[M(2, 3, 4, 5) 
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Unit 4 Solutions 


4.35 (a) X = ABCD 4.36 (a) X = A'B'C'D + A'B'CD' 
[oo 00 | o [000] y. Ascp« ancy + or ME 
A'BCD' + A'BCD + + A'BCD + AB'C'D' 
ABCD + AB'CD' + FABCD + ABCD 

+ ABCD 
AC HAN DA Y= ABCD + ABCD + 
Ar ea pace 
|[1010|2 |010] [1010 [0101] A'BC'D + A'BCD' + 
AC 
ABD ane 
|[1101[3 |011] |[1101][0110]| 

435(b Y-(A*B*C* D(A* +C +D) 436(b Y=(A+B+C+D)(A+B+C'+D) 

(A+B+C +D) (A+B'+C+D) (A+B+C'+D)(A+B'+C+D) 
(A' + B +C + D)(A' * B'* C' + D) (A+ B'+C+D)(A+B'+C'+D) 
(A'+B+C+D)(A'+B+C+D) 
£-(ATBTGTDATB--CtTD) (A * B+C'+D)(A'+B+C'+D) 
(A+ B'+C'+D)(4'+B+C+D) (A'+ B'+ C+D) 
(A'+ B+C'+D)(A'+ B'* C* D) 
(A + B' + C' + D) Z=(A+B+C+D)(A+B+C'+D) 


(A+B'+C+D)(A+B'+C' +D) 
(A'+B+C+D)(A'+B'+C+ D) 
(A'+B'+C'+D) 


0010 |2x4+1=09 |0000|1001 
0011 |3x4+1=13 |0001 |0011 
0100 |4x4+1=17 |0001 |0111 


1001 |9x4+1=37 0111 


01 
05 
09 
25 
29 

3 


Note: Rows 1010 through 1111 have don't care Note: Rows 1010 through 1111 have don't care 
outputs. outputs. 
S=0,T=A,U=B,V=C,W=0,X=D,Y=0, S=0,T=0,U=BD+ BC +A, 

Z=D V = B'CD + BC'D' + A, W = B'CD' + BCD, 


X = B'C'D + BD', Y = B'CD + BC'D'+ A,Z =1 


35 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 4 Solutions 


4.39 Notice that the sign bit X, of the 4-bit number is 
extended to the leftmost full adder as well. 


4.40 


4.41 (d), (d) 


(e) Xy f xy 
00 0 a0 
01 b al 
0a 0 aa 
0b b ab 
10 a bO 
11 1 bi 
la a ba 
1b 1 bb 


TOTOKA saam 


4.41 (a), 
(b), (c) 


Sum 


Cout 


(e) 4.42 
f(x,y) is completely 

specified by the 

coefficients of the 

minterms in the sum of 

minterms expression. 

These coefficients are 

determined by the value 

of the function for xy = 

00, 01, 10 and 11. 
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(a) 

f = x(y*y)*yGctx) = xytxytxy 
(sum-of-minterms) 

f = x+y already in product-of-maxterms form 


(b) 

f = ax*by = ax(y+y')+by(x+x’) 
= axytaxy't+bxy+bx'y = (a+b)xy+axy'+bx'y 
= xyt+axy'+bx'y 


(c) 
f' = (a'+x\(b'ty) = (bx'(a*y) 
= ab+ax'+by'+x'y' = ax'(y*y) * by (xx) *xVy' 
ax y tax'y'* by x by'x'*x'y' 
= ax'y+by'x+x'y'(a+b+1) = ax'yt+by'x+x'y' so 
(a'+xty)(b'tx'ty)(xty) 
= (b+x+y')(a+x'+y)(x+y) 
Alternatively, 
f = ax*by = (atby)(x+by) = (a+b)(aty)(x+b)(x+y) 
= (a+xx't+y)(b+yy'+x)(x+y) 
= (a+xty)(atx'ty)(b+x+ty)(b+xty(xty) 
= [(a*x*y)(b*x*y)G*y)l(a *x'*y)(b*x*y) 
= (ab+x+y)(atx'ty)(b+x+y') 
= (xty)(atx'ty)(b+x+y’') 


f 


(a) m, + m, = m,(m,' + m5) + (m,' + mm; 
=mym,' + mum; + m,'m» 
But mm, = 0, som, + m, = mymy' + m'm, 
= m ®© mp. 
(b) Using part (a), any function can be written as 
the exclusive-or sum of its minterms. However, if 
a product contains a complemented literal, it can 
be written as the exclusive-or sum of two products 
without a complemented literal by using 
xp = (x © 1)p = xp Op. 
By repeated application of the preceding 
relationship, all complemented literals can be 
removed from the products. 
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Unit 5 Solutions 
Unit 5 Problem Solutions 


5.3 (a) à 5.3 (b) d 5.3 (c) i 5.3 (d) x 
be 0, 1 ef 0 1 st 0 L yz 0 1 
00 (a) 00 a D 00 | (a J 00 | 0 " 
01 D o1 (1) 01 [|1 01 (i 0 
11 11 11 ||1 11 T 1) 
10 Ao 10 B 10 | ETT 10 " 1) 
fi-act*abc-*bc' f= de + d'f'+ etf' f =rtt fy=x'ztytxz' 
5.4 (a) AB 5.4 (b) AB 5.4 (c) AB 
CD 00 01 11, 10 CD 00 01 11 10 CD 00 01 11 10 
o | vl | J) i] 00 | (4 ilala 00|1 |1]|1]|1 
01 (D 01 1 01 | 9) P 1:0] 
u [D m CT 11 TT SIE] 11 | 1 lo 11 
| 
10 [1] [1 U E] 10 |(3|1lul[u 10; 1/1/1441 
F = BD' + B'CD + ABC + ABC'D + B'D' F = D'+BIC+AB F = (A + B+ D')\(B + C + D’) 
5.5 (a) See FLD p. 697 5.5 (b) cce 
: 142 
for solution. X1X2 00 01 11 10 
000,0 (DO 
Z = C[X/X; + CXX + COXX; + CXX + Cy'C5X. 
12? 149 12." 54^359 2^9 
01 (UN 1.090 
Z = CIX/X; + CXX» + COXX; + CXX + CCX 
aa a 91542 152. * S45455 2^1 
11| J) 0 | | ay 
10 aeo olo Z = C(X/X) + CXX + C|GX(X, + CXX + CX» 
5.6 (a) ab 5.6 (b) ab 
cd 00 01 11 10 cd 00 O1 11 10 
* 
00 |m. "n o |u| J| ofu 
01 | n 01| 0 ARE 0 
=| 
T (C ^N 
11 TTD a) [T ir Iu a 0 
10 ly 10 |(1]| TJ) o | (1 | 
f = a'b'c' + a'd + b'cd + abd' + bcd' F = a'c + b'd' + bd + a'd' 
Alt: f= a'b'c' + a'd + b'cd + abd' + a'bc Alt: F= a'c + b'd' + bd + a'b 


(*) Indicates a minterm that makes the 


: ae . i (*) Indicates a minterm that makes the 
corresponding prime implicant essential. 


corresponding prime implicant essential. 


Y * That * d rs Li . Y * \ i 
a'd —^m,; a'b'c'>m,; b'cd—>m,,;abd'>m,, bd—m,, or m; a'c—>m,; b'd'—>m, or m,, 


ae 
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Unit 5 Solutions 
5.6 (c) 


ab 
cd 00 01 11 10 
00 ||AT] 1] 1.113 | 
* 
01 | X 0 | OJ |x 
ux ol O JJ1, 
10 |j [ 1) o | Lal 
F-ad'-b'*ed 
(*) Indicates a minterm that makes the 
corresponding prime implicant essential. 
c'd'>m,,; a'd'>m,; b'>m,, orm, 
5.7 (b) m 5.7 (c) 
cd 00 01 11 10 
00 (Sr 
01 1 | 
“Te 
ow [o 
f = a'b' + a'c'd' + abc 
5.8 (a) ab 
cd 00 01 11 10 
00 P 1/010 
01 lo) 1/14]. 
1 | (XK | KT {| 0) 
10 1})/o]N] 1 
f= (c d')(b'+ c')(a + b + c)(a'+ c + d) 
5.8 (b) ab 
cd 00 01 11 10 


x |v] a 


10 


f = (a'+ c)(b'+ d')(b  dY(c' d) 


Alt: f= (a+ c)(b'+ d'(b + d)(b'* c) 


| @ECo | x70 | 


cd 


5.7 (a) 
Alt: 
ab 

00 01 11 10 
o [D] o [t lat 
01/,0|0 |D 0 
11 | 0 a 0 a 
TREES t Tu) 
f = b'c'd' + ab'c + a'bc + bc'd + ad' 


cd 


cd 


ab 

cd 00 01 11 10 
oU: |a] 
01 
11 | CTD 
10 d © 


f =a'c'd' + a'cd + b'c'd' + abcd' + a'b'd' 
f = a'c'd' + a'cd + b'c'd' + abcd' + a'b'c 


AB 
CD 00 01 11 10 
00|0]|0|X/!0 
01 |x 1 1 x| 
11 n 1 | (x | T) 
] 
10} 0} oj | 1 

F=D+AC 


ab 
00 01 11 10 
00 0 (4 0 0 
a | o |W) ct 
11 X X X 0 
10] Do x}; Ct 
f =a'bc' + ac'd + b'cd' 
ab 
00 01 11 10 
00 0|0]59x 
01 | 0 0 


11 (LXX CD 
10| X|0 E 0 


f = a'b'd + bc'd' + cd 
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5.9 (a) 


5.10 (a) 


F = (A- B C + E(A- B + C* D'(A + B'+ C+ E) 
(B+ D +E )(A + C'+ D(A* C+D+E)(At B'+ C E) 


F = (A'+ B4 E )(A'+ C'+ D + E )(C + D E) 
(A * B +D™+E)(A +B +C )(B+D + E) 


00 


10 


Essential prime implicants: c'd'e' (m p m,,), 
a'ce' (m, ), ace (m,,), a'b'de (m,) 


Unit 5 Solutions 


PX 1 0 1 


F = A'UE* A'UD* ADE* AB'CD'- CDE 
+ABCDE'+BCE'+A'BD 
A'CE+A'CD+A'DE+AB'CD'+CDE 
+ABCDE'+BCE'+ABE' 


Il 


Alt: F 


F=A'CD'+A'BE'+CDE+ABCD'+ABDE'+B'CE 
F=A'CD'+A'BE'+CDE+ABCE'+AB'CD+BD'E 
Alt<~ F=A'CD'+A'BE'+CDE+ABCD'+ABDE'+BDE 
F=A'CD'+A'BE'+CDE+ABCE'+AB'DE'+BDE 


5.10 (b) be 
de 00 
00 
Ay 
4 01 
% 
11 
iL 
10 


Prime implicants: a'b'de, a'd'e', cd'e, a'ce', ace, 
a'b'c, b'ce, c'd'e', a'cd' 
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Unit 5 Solutions 
5.11 


5.12 (a) 


bc AB 
de CD 00 01 11 10 
" 00 | 0 B 0 " 
01 |o ||1 | 0 | 0 
a 7 11 @ 1] 11 D 
1 
^ 10 |u ||1]| 0 | @ 
11 
F=ABD'+AB+A'C+CD 
w F -[IM(0, 1,9, 12, 13, 14) - (A+B+C * D) 
(A+B+C+D)(A'+B'+C+D) 
(A' + B' + C+ D) (A' + B' + C' + D) 
f = (a'+ b + c) (a'+_d'+ e) (a + b'+ e) (a + c + e) (A'+B+C+D) 
(a+b +c +d) (a'+b'+ c + d) (c +d + e') 
Alt: f= (a'+ b + c') (a'+ d'+ e) (a + b'+ e') (a + c + e') 
(a+b +c +d) (a'+b'+ c +e)(c+d+e') 
5.12 (b) AB 5.13 AB 
CD 00 01 11 10 CD 00 01 11 10 
00 (1 0 a 0 00 au 
ald] o| a a | ot 
11|0.0/|0]|0 11 T 1 | 
10 | 0 | O A 0 10 | 1 1 lu 
F'=ABC'+ABD'+ACD F=ACD'+BCD+BC+AC 
5.12 (c) AB Minterms m, m,, m,, m, m, m, and m,, can be 
CD 00 01 11 10 made don't cares, individually, without changing 
00 Q 1 lo) 1 the given expression. However, if m,, or m,, is 
made a don't care, the term BC'D or the term ACD' 
01 lo 1|@7 0 (respectively) is not needed in the expression. 
a} 1| 1| 1| 1 
jo} 1|1 (9 1 
] 1 
F = (A B+ D)(A +B + C (A* C + D) 
5.14 (b) d 5.14 (c) T 5.14 (d) 
ef 0 1 st bc 
00 
001 |G [D 
11 A 
10 
fj = B'C + A'BC' + AC b-efrde 
40 
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Unit 5 Solutions 


5.14 (e) " 5.14 (f) x 5.15 (b) 
pq nc rm yz 0 ef 
00 00 | (1 
01 01 
11 11 
a i 
10 10 
f; = n'q + np' i did fy = (A+ CA + B'+ C(B + C) BOTTOM 
5.15 (c) " 5.15 (d) d 5.15 (e) 1 5.15 (f) - 
st 0 1 bc pq 0 1 yz 0 1 
00 00 00 0 00 
01 01 01 01 | © 


11 11 


0 1 
o9 
11 11 © 
10 10 P 10 s 0| || 


f3 =(s'+ t) f,7 (b + c)y(a* c) fs = (n + q)n'* p) fg = (x + y *z)(x* yz) 
5.16 (a) À 5.16 (b) 4 5.16 (c) 3 5.16 (d) á 
BC 0 1 ef 0 1 st 0 1 bc 0 1 
00 n 00 T 00 li (1) 00 li 
01 M 01 |(1 | (1) 01 1 01 
11 p 11 (1) 11 1 11|GLlr 
10 d 10 10 (1 | (1 10 (4 
T T T 
f =A'C+AC' f, = e'f + de' + df factor f, =be+ac' 
5.16 (e) : 5.16 (f) : 5.17 (a) As 
pq 0 1 yz 0 1 & (b) CD 00 01 11 10 
00 00 | (aj | 1 | 00 (T 
01 1 01 Ju T) 01 ||1 
d | 
1 £) p 11 | 0 " 11 | 1 T 
10 p 10 d 0 10 (0| 11Ul 1) 
f, =n'p + nq fy=y'+x'z'+ xz F = A'B' + CD'+ ABC 
41 
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Unit 5 Solutions 


5.17 (c) 5.18 (a) & (b) 5.18 (c) 
AB AB AB 
CD 00 01 11 10 C D 00 01 11 10 C D 900 01 11 10 
o |: [9 PA ee|(1|1]|0]|0 e |1|a1|(9 L9 
a | 1 lalelo 01 | @ T 1[|i] D 01] 1| 1|1./1 
ufiloli]d 11/|1 ] 1/] © | o 11|1|1/|]0719 
10|1 | 1|1.,1 1010 | 1J| 0 | CT 1e L2 D pra 
F = (B'+ C (A + B'* D')(A'* C)(A* B + D) F=-A'+CD+BCD' F = (A+C+D)(A'+ C* D) (A+ B* D) 
Alt: F = (A- C D) (A* C+ D) (A B* C) 
5.19 (a) 5.19 (b) 
F = (Cy + Cyt X) (Crt Xq+ X) (Cit C7 + Xq+ Xj) 
(Cy'+ Gy'+ X, + Xj) (Cyt Xy'+ X; fo +C, iii 
or 
C, + Xy'+Xy 
5.20 (a) 5.20 (b) 
a d 
be 0 1 ef 0 1 
00 a 00 IX] 1 
01 | CED 01 U 
11 11 X 
10 T 10 ab 
T í 
F = a'c'+b'c+ab or g=de+f' 
= a'b' + bc' + ac 
5.20 (c) p 5.20 (d) " 5.20 (e) 4 5.20 (f) D 
qr 0 1 tu 0 1 bc 0 1 EF 0 1 
00 | ED 00 | (X 00 B 00 R 
01 01 | |i] | X 01 d 01 " X 
11 1 Hu x 11 B 11 | X 
10 10 | 4 10 W 10 (D 
F = p'r + q'r'+ pq or Pee f = ab'+ab + b'cor G = DEF'+DE 
- p'q'4 pr + = ab'+abtac G = DEF'+DF 
-pq*pr*qr G =DEF'+EF 
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5.21 
ab 
cd 00 01 11 10 
00 1 1 
01 1 1 1 
11 1 1 1 
10 1 1 


F = ab'c' + a'c'd + bcd +abc + a b' 
= (a'b'c' + ab") + a'c'd + bed + (abc + a b') 
= (a'c' + a)b' + (a'c'd + bcd) + a(bc + b") 
=(c' + a)b' + (a'c'd + bcd +a'bd) + a(c + b^) 
= (b'c' + a'bd + a'c'd) + (bcd + a'bd + ac) + ab' 
= (b'c' + ac + ab’) + a'bd 
=b'c'+ac +a'bd 


5.22 (c) 


CD 00 01 11 10 


10 (1| 1 X 


PIs: CD, C D', AB, A B'C', A B'D' 
f-CD-*CD'- AB 


5.22 (f) 
AB 
CD bw 00 01 11 10 
00 1 X X 
01 X X X 
11 X X 
10 X X X 


PIs: A'B, BC, BD, AC, AD, AB' 


f-BD' 
f-BC' 
f=A'B 

5.23 (b) 
AB 

CD “00 01 11 10 
00 0, 0 X 
01 0 X X 
11 X 0 
10 0 X X 


PIs: (B'+ C'+ D), (A +C), (A* D), 
(B + D), (B + C), (A + B) 
f = (B'- C*- D) (A * D)(B*C)or 
= (B+ C'+ D) (A* C)(B*D)or 
= (B'+ C- D)(A * C)(A* D) 


Unit 5 Solutions 


5.22 (a) 5.22 (b) 
“AB AB 
CD “ 00 01 11 10 CD “00 01 11 10 
00 TL 1) x 00 1 X 
01 X dX 01 X 1 X 
11 X 1 11 [[2| & 1 
10 X 1 X 10 X 1) X 


PIs: AB, BC, AD, BD, AC, A'B 
f = AB'+BD'+AC'or 
= AB'+BC'+BD'or 
= AB'+BC'+AD' 


5.22 (d) 
N AB 
CD x 00 01 11 10 
00 1 X 
01 X X 
11 X 1 
10 X X 


PIs: A'B, B C D, A B'C', A B'D' 


f=AB+BCD 

5.22 (g) 
~N AB 

CD “00 0l 11 10 
00 X d x 
0 Xx x 
11 [X | 1 
10 XX X 


PIs: BCD, A'C', A'D', A'B, B'D', B'C' 
f=BCD+A'B or 
f=BCD+A'D' or 


PIs: B'C D, AC, AD, A B', BCD, 
B C D', A'C D, A'B D, A'B C 
f=BCD+AC+AD' 


5.22 (e) 
AB 
CD 00 01 11 10 
00 1 X 
01 X X 


11 1 X |1 1] 
10 X X 


PIs: CD, AB, A B' 


f=CD+AB 
5.23 (a) 
AB 
CD 00 01 11 10 
00 0 X 
01 0 X X 


10íx!o0 
10 |||0]| X X 
Pls: (B'+ C+ D), (A+B), 


(A * D^, (A * C) 
f = (B+ C- D) (A+B) 


f=BCD+AC 
5.23 (c) 5.23 (d) 
AB V AB 
CD > 00 01 11 10 CD ™“ 00 01 11 10 
00 | 0 0 X 00 0 0 X 
01 X X 01 0 X O0 X 


PIs: (B +C +D), (C* D, (A C* D), PIs: 


(A' + B), (A + B' + D, (A+B'+C) 
f = (B+C+D)(C+D)(A'+C+D) 
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11 0 x 0 


10 (0 X 0 X 


(B), (A C), (A'* D), (C + D, 
(C' + D), (A + D’, (B + D), (A * C) 


f = (B) (C+D) (A4 D)or 


(B) (A'+ C)(C'+D) or 
(B) (A C) (A'+D) 
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Unit 5 Solutions 


5.23 (e) 5.23 (f) 5.23 (g) 
N AB >~ AB >à AB 
CD “00 01 11 10 CD “00 01 11 10 CD “00 01 11 10 
00 | 0 0 X 00 | 0 X X 00 X 0 X 
001.0 X0 X 01 0X X X 00 (X X o |x 
11 X 11 ||@ || X o | x 1 0 X 0 
10 (0 X 0 X 10 O | X X X 10 (X X 0 X 
PIs: (C + D), (A™ D), (B + D), (A + C), PIs: (B), (D, (A, (C) PIs: (B)(A'+ D)(A'+ C)(A + C) 
(B + C), (C'+ D), (A + B' + D), (A + B+ C) f = (B)(A)or (C'+ D(C + D'(A + D?) 
f = (A'+C)(B+C)(C+D)or = (B)(C)or f = (B)(A'+ C)(C'+ D) or 
= (C* D) (A* D)(B- D) - (B)(D) = (B(A* D)(C+ D') or 
= (B)(A't D)(A't C) 
5.24 (a) 5.24 (b) 5.24 (c) 
AB AB AB 
CD 00 01 11 10 CD 00 01 11 10 C D 00 01 11 10 
00 " [2 oo || t 1 aj po x 
01 a) " 01 01 
11 [D B & | 11| X|X 11 
10 fi) " 10 E 10 
F = ABC'«* B'CD * AC + A'B'D' - ABD F = A'C'D' + B'C'D' + A'B'D' F = A'C'D + A'B +B C'D 
Alt: F = ABC'+B'CD + A'C + A'B'D' +B CD Alt: F = A'C'D'* B'C'D' + A'B'C 
5.24 (d) 5.24 (e) 5.25 (a) 
wx AB ab 
yz 00 01 11 10 CD 00 01 11 10 cd 00 01 11 10 
00 | 1 li 1 o | 0 || x ll | i] 00 1 
01 ecto tt 01} 0] 0 | |X| o 01 (l 1 DND 


| | 
11 1 1 X 11|@] 0 1 0 11 1 1 J 


10 Alak e A 10 


f= x'y' + w'Z + y'z + wz' F = A'B'C D + BD' + AD' + AB f= a'd + abc + c'd + bd 


f= x'y' + wy' + w'z + wz 
Alt: 


f= x'y' + wy' + w'z + wx' 


5.25 (b) 5.25 (c) 5.25 (d) 
ab ab ab 

cd 00 01 11, 10 cd 00 01 11 10 cd 00 01 11 10, 
00 | 0 | 1 iDo 00 BÀ x | 00 | 0 M 0 la) 
0 [D| 0 JH ay 01 G TD ol | X x 0 | 0 
11 | 0 /f1 | fi} ] 0 11 | X 11 | X |] 0 a |n 
10 (1 |a [UJ] 1) 10 HEP EODEM. wolololila 

f= b'c'd + cd' + bd' + be + ab f - b'd' + cd' + acd f = a'bc' + ab'd' + ac 
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Unit 5 Solutions 
5.26 (a) id 5.26 (b) 
CD 11 10 CD 00 01 11 10 


00 01, 
00 dø oo lo | (6 x1 
W 


01 P 01| 1 o | 9 1 
11 b 11|1|X|1 9) 
10 (Tw 9[3 10 | EP 9) 
i sic cce cbe AED) F = (B«C)(A* B*C)(A D)(C« D) 


Alt F = (B'* C) (A- B* C) (A * D) (B* D) 


5.27 (a) Xx 


AB 
CD 00 01 11, 10 CD 00 01 11 10 
00 lo) 1 lo) 1 00 | 0 |f1]| 0; 
01|1 | X|1.|1 01 |(T [X | 1 | W 
11|1)|X 0 |o u | WU [{X}} 0 | 0 
10 P 1 (o: o) 10 | 0 /|1]|01|0 
f = (A+ B'- D)(A'+ C'(A +B + D) f- CD + AB'C' + A'B + AID 
5.27 (b) WE wE 
yz 00 01 11 10 yz 00 01 11 10 
o | 1)} o | {fa oo | 1 lo) E 
01 |(X]] 11] 1 || D 01 | X | 1]|1 |1 
15/1]1/]|]0|Xx 11]1 1/0123 
10 | 0 |X ud iB 10 | 0 | P X|1 
f-2xy' + w'z + y'z + wz' f= (w + x'+ z)(w + y'+ z)(w't y'+ z') 
iex twy eee Alt: £=(w+x'+ z)(w + y'+ z)(w't x'+ y') 
Alt 
f= x'y' + wy' + w'z + wx 
5.28 5.29 (a) 5.29 (b) 
ab AB AB 
cd 00 01 11 10 CD 00 01 11 10 CD 00 01 10 


11 | 1) X 11 £ I iD 1 | 0 | 0 0 
10 aaa 10 [U ([1)| 0 (n 10 | 0 | O 0 
F = b'd'- a'd + c'd F=ABD'+A'B+A'C+CD F'= ABD' + A'B'C' + ACD 
Notice that abcd = 0101 and 1111 F - [TM(0, 1, 9, 12, 13, 14) 
never occur, so minterms 5 and 15 =(A+B+C+D)A+Bt+C+D) 


(A'+B+C+D')A'+B'+C+D) 
(A'+ B'+C+D')(A'+ B'+C'+ D) 


are don’t cares. 
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Unit 5 Solutions 


5.29 (c) AB 5.30 AB 
CD 00 01 11 10 CD 00 01 11 10 
00 f) 1 5 1 00 
01 lo 1]|01 0 01 | 1|x|1 X 
11] 1]|1 |1]|1 11 | 1.1 (T x| 
10 | 1] 1 f) 1 10 y 
F=(A'+ B* DY((A* B* C(A- C + D) F=D+ABC 
5.31 Prime implicants for f': abc'e, ac'd', ab'e', a'ce, 5.32 For F: b'c'de', a'ce, ab'e', ac'd', abc'e, c'd'e, a'd'e 


b'c'de', c'd'e, a'd'e 

For G: ab'ce, a'bcd, a'bde', cde, b'de, a'b'c'd, a'c'e' 
Prime implicants for f: a'd'e', ace, a'ce', bde', abc, 
bce’, b'c'de, a'c'de, a'bc'd, ab'de 


5.33 5-variable mirror image map 5-variable diagonal map 
abc 

de 000 001 011 010 110 111 101 100 
00 D[U 
01 Ut) | Cr 
11 1 1 1 
10 1 1 

Essential Pls: ab'c'e’, a'bc'e, a'b'cd 

f = alb'cd + abc'e + ab'c'e' + a'bcd' + ab'ce + ac'd'e + acd'e' 


Other PIs: ab'd', b cd'e', bc'd'e, a'bd'e, b'cde 


5.34 (a) 5.34 (b) b 5.34 (d) 
& (c) cd 00 01 11 10 & (e) cd 


00 X 1 X 


01 X X 


11 X 1 X 1 


10 (T [X 1] x 


PIs: bd’, a'b, a'd', c, ab'd PIs: (c + d, (a'+ c), (b + c), (a + b +d'), 


f = bd'+cor (a+ b'+c'+d), (a'+b'+d'), (a'tb+d ) 
= a'b+cor f-(c-*d^(a*c)or 
iade = (b + cc + d) or 


=(b+c)(a'tc) 
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5.35 (a), 5-variable mirror image map 
(b) & 
(c) DE 


ABC 
000 001 011 010 110 111 101 100 


pamm ge = —S 


00 X X 1 X)| X|| X 1 


| = | 
01 1 X 1 X X X X 


a | nl 
1 | x x VxEXx 1 
10 X (x |x|x X 


Pls: A, C'D', B'E, C E, B D, D'E, B CE, BC D 
F- A & B'E * BD' or 
=A+CD'+CE 


5.39 (d), 5-variable mirror image map 
& (e) 


ABC 
DE 000 001 011 010 110 111 101 100 
00 | X | fo) x XIZ 
01 X L X X 
|x x To x 
10 Ro] x| xik X 


PIs: (A'+ B), (A C), (A*D + E), (B'+D’), (B'+ C + E), 
(C+ E), (D'+E), (B + C'+ D), (A + C + D), (A +B + E) 


F = (B'+D')(A + B + E) or 
= (C'+ E(A + C + D) 


5.36 (a), 5-variable mirror image map 


(b) & ABC 
(c) DE 000 001 011 010 110 111 101 100 
[| —- = == 
oo | (x |] AI] X X 
on (fx X X) 
F im zx 
11 [x] ibl x 
10 Fx | SITE x DUX I 


PIs: AB, AD, AC'E,BC,BD'E,CD,DE,CE, 
A'C, BD, CD'E,A'DE, B'C'E, A'B' 
F = A'C + B'D + AB or 
- B'D * AB * BC or 
- A'C * AB * AD 


5.36 (d), 5-variable mirror image map 


e 
(e) ABC 
DE 000 O01 011 010 110 111, 101 100 
o0 fx T Xll x [o | X 0j 
Fj 
o00|IX| X x xil[[og)| x 
1x x 
10 xX UIDI (X 


PIs: (A'+ B'+ C, (A'+B'+D’), (A'* B'+ E), (A't C E), 
(A'+C'+ D), (B'+ D'+ E), (B'+ C+ D? (D + E), 
(A+B+E), (A+C), (B+D), (C+ E) 

F=(A+C)(B+D) 
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5-variable diagonal map 


a ARE VA 
EA BC | 
A E | 


Higa -EA 
X 


VA 
VA 


m 


Az 
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Unit 5 Solutions 


5.37 (a), 


(b) & 
(c) 


5.38 (a) 


5.39 (a) 


DE 


00 


10 


E 
PIs: ABCDE,BCD'E, ACDE, A B'D'E, ABC, 
A'B CE’, A'B D', A'B'C D, A'DE, A'C E, BD E, ABE, 
BCE, C'D'E', A'C'D', B'C'D' 

F = A'B'E + AB D' + ABC or 

A'C'D' + A'CE + A B'C' or 

A'D'E + B'D E + CD'E' or 

A'B D' + B'C'D' + BDEor 

A'C E + B'C'E + C'D'E 


bc 


00 


10 


(*) Indicates a minterm that makes the 
corresponding prime implicant essential. 
a'b'd—m,; cd'e'—^m 


„æ DC d'em,,; b'ed'-m,, 


a'bc' + ab'c'd + c'd'e' + abd' + bcde + a'b'e 


= a'b'c + a'bc' + ab'c'd + c'd'e' + abd' + bede + a'c'e 
+ 


5.37 (d), BC 
& (e) 


PIs: (B'+ C+ E), (C'+ E), (D't E ), (A'+D +E’), 
(A'+ C5, (B'+D’), (A'+B’), (A + C+D’), (A + B + E) 


F=(A't D+E\(C'+ E )(D't E B'* D) or 
=(A+B+E)(B't D'(A* B)(A* C) or 
=(A+C+D\(C+E A^ B)(A* C) or 
- (B + C* D (D E )(B'+ D)(A B) or 
= (B C+ EJ(C- E (D E (A C) 


5.38 (b) 


a'b'd', cd'e', bc'd'e, b'cd', ac'de', ab'ce', ab'de', a'c'd'e, 
a'bc'e, a'bc'd, bc'de', a'bde', a'bce' 


5.39 (b) 


f = alb'ce + a'bc'd' + bede + ab'd'e + abde + acd'e' + 
a'b'd'e + ab'ce 

f = a'b'c'e + a'bc'd' + bede + ab'd'e' + abde + acd'e' + 
b'cd'e + ab'ce 

f = alb'ce + abcd’ + bede + ab'd'e + abde + acd'e' + 


b'cd'e + acde 


alt: 
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5.40 
F =A'B'C'D' + BC'DE + BCD' + B'CDE' + ABC'D 
+ A'B'CE + AD'E 
5.42 (a) 
5.43 (a) 
de 
00 
3 01 
1 
“A 
11 
10 


F = (c + d + e)(a'+ b)(a + b)(a + c'* d'+ e) 


Alt: F=(c+d+e)(a'+ b )(a + b')(b + c'+ d'+ e') 


5.41 


5.42 (b) 


5.43 (b) 
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10 


H 


F = AB'CD'E' + BC'D' + ABDE' 


+ A'B'CE' + A'C'DE + A'CD'E 


F=(X+V+Z)(V+V'+Z)(V+X'+Z) 
(V+X'+Y)(Vi+W+Z) 


10 
1 
0 
0 
0 
Q 
0 0 1 0 
10 
0 1 


F = (c + d')(a + d'+ e)(b'* c + e)(a'* b'+ c'+ d) 
(a +c +e) (b + c'e) 
Alt: F= (c+ d')(a + d'* e)(a + b'+ c)(b'+ c + e) 
(a'+ b'+ c'+ d)(b + c'+ e) 
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Unit 5 Solutions 


5.44 (a) 


10 


wx 


00 


F = (V+ wt x'+ y +z) + y+ z\(v + yw +x + y) 
(v+x+y+z) (w+x+y) 


F=(vtwetx'ty ez) e yt 2) + y) ex y) 


Alt: 


Fa (vtwex'ty +2\(w+ yt 2) + y) ex y) 


(v't w'+ x +z )(w'+ x+y’) 


(Vt w'+ x + z)(x + y z) 


5.45 (a) A 


CD 


01 


11 


10 


E 


00 01 


ae 


elo 


14 


EI 


cro 


F = ACD' + BCD + B'C + A'C' 


My my, orm 


4 change the minimum 


sum of products, removing A'C', BC'D, 
or ACD, respectively. 


5.46 (a) 
YZ 


00 


01 


11 


10 


F = VXY' + VWZ' + XYZ + VW'X'Y' + VW'Y Z' + WXZ 


m4 
F = V'XY' 
F = V'XY' 


01 


11 


10 


X 


1 


1 


Mg 


+ VWZ' + XYZ + VW'X'Z' + VW'XY + WYZ 
+ VWZ' + XYZ + VW'X'Y' + VW'Y Z' + WYZ 
F-VXY + VWZ' + XYZ + VW'X'Z' + VW'Y Z' + WYZ 


M31 
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5.44 (b) 


5.45 (b) 


5.46 (b) V'WZ'—m,; XYZ—m 


F=(c+dtej(a'tc'+d')(a'+b+c+d) 
(a+c'+d)(b+d'+e)(at+cte) 


CD 00 01 11 10 


F = C'D + BD + AB' 


Changing m, to a don't care removes C'D from the 
solution. 


V'XY'—m, 


31? 
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Unit 6 Solutions 
Unit 6 Problem Solutions 


62(a 00017 1,5 0-01 acd  92(b 0 000v 0,1  000-abc 13,57  9O0--1 ad 
9 0101v 1,9 -001 b'c'd 1 0001% 0,8 -000 b'c'd' £534 0—4 
9 1001v 5,7 01-1 a'bd 8 1000% 1,3 00-17% 6,7,14,15 -11- bc 
12 1100v 9,11 10-1 ab'd 3 0011% 15 0-017% 644-445 -t+ 
7 0111v 12,14 11-0 abd 5 01017% 8,10 10-0 ab'd' 
11 1011v 7,15 -111 bcd 6 0110% 3,7 Q-11v 
14 1110v 11,15 1-11 acd 10 1010v 5,7 0Q1-1v 
15 1111v 14,15 111- abc 7 @111v 6,7 O11-v 
14 1110v 6,14 -110v 
Prime implicants: a'c'd, b'c'd, a'bd, ab'd, 15 1111v 10,14 1-10 acd 
abd', bcd, acd, abc 7,15 -111v 
14,15 111-v 
Prime implicants: a'b'c', b'c'd', ab'd', acd', a'd, bc 
6.3 (a) i 5 7 9 1112 14 15 
1,5 a'c'd 
1,9 b'c'd f = abd' + a'c'd + ab'd + bcd 
5.7 a'bd f = abd' + b'c'd + a'bd + acd 
9,11 abd 
12,14 abd' 
7,15 bcd 
11,15 acd 
14,15 abc 
6.3 (b) 01356 7 8 10 14 15 
1.3.5.7 a'd 
67.1415 b f = a'd + bc + a'b'c' + ab'd' 
Pom ‘ f= a'd + bc + b'c'd' + ab'd' 
0,1 a'b'c f 7 a'd + bc + b'c'd' + acd' 
0,8 b'c'd' 
8, 10 ab'd' 
10, 14 acd' 
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Unit 6 Solutions 


6.4 1 0001v [1,3  060-1v ]13,5,7 O0--1 ad 
2 0010% |1,5 0-01v 17537 9—4 
4 0100% |1,9 -001v 1, 5, 9, 13 --01 cd 
3 O0011v |2,3 001 -v 1,:9.5,15 —0t 
5 0101y |2,6 0-10v 2,3,6,7 0-1- a'c 
6 0110y% |2,10 -010 b'cd' | 2-637 9—— 
9 1001v |45 010-v 4,5,6,7 01-- a'b Prime implicants: b'cd', a'd, c'd, a'c, a'b, bc’, 
10 1010v |4,6 01-0% 4,5, 12,13 -10- bc bd 
1100v |4,1 -100v ot 
7 0111y% 13,7 —10- 
13 1101v |57 -1-1 bd 
15 1111" |5,1 44 
6,7 
13 4 5 6 7 10 12 13 
1,3,5,7 a'd 
159-13 c'd 
2,3,6,7 a'c f= bc' + b'cd' + a'd + a'b 
4,5,6,7 a'b f = bc' + b'cd' + c'd + a'c 
4,5,12,13 bc f = bc' + b'cd' + a'c + a'd 
5,7,13,15 bd 
2, 10 b'cd' Q 
6.5 1 0001% [1,5 0-01” J1, 5,9,13 --01 CD 
4 0100% 1,9 -001% |i-95;:43 —O0t 
8 1000v 14,5 010-v |4,5, 12, 13 -10- BC' 
5 0101% |4,12 -100v |4425 —t19— 
9 1001vY {8,9 100-v |5,7, 13,15 -1-1 BD 
12 1100” |8,1 543745 -4-4 "Tr 
7 oiv [57 8,9, 12, 13 1-0- AC Prime implicants: C'D, BC', BD, AC', AD, AB 
11 1011v [5,1 8297438 +o- 
13 1101v |9,1 9, 11, 13; 15 1--1 AD 
14 1110v 94335454455 «+--+ 
15 1111" 12,13,14,15 11-- AB 


1244,43,45 t=- 
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Unit 6 Solutions 


6.5 
td 
(contd) 515,913) CD| x " 
P2 (4, 5, 12, 13) BC x x 
P3 (5, 7, 13, 15) BD x X 
P4 (8,9, 12,13) AC X X X 
P5 (9,11,13, 15) AD x X X 
P6 (12, 13, 14, 15) AB X X X 
(P1 + P4 + P5) (P2 + P4 + P6) (P1——P2-——P3—-P4—-—P5--P6) (P3 + P5 + P6) 
= (P4 + P1P2 + P1P6 + P2P5 + P5P6) (P3 + P5 + P6) 
= P3P4 + P4P5 + P4P6 + P1P2P3 + P4P2P5 + P#P2P6 + P1P3P6 
+ P4P5P6 + P1P6 + P2P3P5 + P2P5 + P2PSP6 + P3P5P6 + P5P6 = 1 
F = (AC' + BD) or (AD + BC’) or (AD + AC’) or (AB + AD) or (AB + AC’) or (AB + C'D) 
PA P3 P5 P2 P5 P4 P6 P5 P6 P4 PG P1 
6.6 (a) AB aB E=0 Ap E=1 
cD 00 01 11 10 CD 00 01 11 10 CD 00 01 11 10 
00; 1] 4 00 ata 00 KTX 
01 E | 1 1 01 1 A 01 alx X 
11 1|E,|X 11 1 lx) 11 xX | €I 
10 x 10 x 10 X 
F = MS, + EMS, = A'B + A'CD' + MS)= A'C'D' + A'B + A B'D MS, = A'C' + ACD 
AB'D + E (A'C'+ ACD) MS, =A'C' + BCD 
or E (A'C' + BCD) 
6.6 (b) AB jog BRESGOE a p B bF-GeU 
CD 00 01 11 10 C D 00 01 11 10 CD 00 01 11 10 
00 1 F|E 00 


eral | | 
01 | LX X x | 


11 | KR | x 
10 | lx | 3| x 


MSp= A'B'+ ABD MS,-7 B'C'* A'C 


01| X | G 1 | X 01 


11|1 X 1 11 


10 | X E | X 10 


MS,= B'C* BC 


kg V BBUeUS gp Soe Z = A'B' + ABD + E (B'C' + A'C) + 
C D 00 01 11 10 C D 00 01 11 10 F (AB) * G (A'D) 
00 | X (T) 00 | X 


01| X Xx o1| Km x | x 
41] x | x | |x a1 | kx | x] x 


10 X X 10 X X 
MS,= AB MS, - A'D or CD or BD 
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Unit 6 Solutions 


6.7(a) 0 0000v |0,4 6.7 (b) 
4 4,5 010- abc 2,6 0-10 acd |4,5,12,13 -10- bc 
3 3,7 0-11 acd 2,10 -010 bcd | 45 e 
5 3,11 -011 b'cd 45  010-v 9, 11,13,15 1--1 ad 
9 5,7 01-1 a'bd 0110v |4,6 01-0 abd |913—4545 4--4 
7 5,13 -101 bc'd 9 -100v 
1 9,11 10-1 ab'd 10 
1 9,13 1-01 acd 12 
11 
Prime implicants: a'c'd', a'bc', a'cd, 13 
b'cd, a'bd, bc'd, ab'd, ac'd 15 


Prime implicants: ad, bc’, a'cd', b'cd', a'bd', ab'c 


6.8 (a) 03 4357911 


f= a'c'd' + a'cd + ab'd + bc'd 


3,11  b'cd f = a'c'd' + ac'd + a'bd + b'cd 
5,7 a'bd 
5,13 be'd 
9,11  ab'd 
9,13  ac'd 
6.8 (b) 2 4 5 6 9 10 11 12 13 15 
aed f = bc' + ad + a'cd' + b'cd' 
2, 10 b'cd' f = bc' + ad + a'cd' + ab'c 
4, 6 a'bd' f = bc' + ad + a'bd' + b'cd' 
10, 11 ab'c 
4,5,12,13 be' 


9, 11, 13,15 ad 
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6.9 (a) 


6.9 (b) 


0001" |1,3  00-1v 1,3,9, 11 -0-1 b'd 
199  -001v 19.3.41 -9-4 
2,3  001-v 2,3,10,11 -@1- b'c 
2,10 -010v ZO te a= 
1001v |4,12 -100 bcd [3,7,11,15 --11 cd 
10 1010v [3,7 544745 —H 
12 1100v |3,1 9, 11,13,15 1--1 ad 
7 0111% |9,1 945-4445 4--4 
11 1011” 10, 11, 14, 15. 1-1- ac 
13 1101v 10.441,45 H 
14 1110v 12, 13,14,15 11-- ab 
15 1111v PMB H— 


2 3 4 7 9 11 12 13 14 


Unit 6 Solutions 


Prime implicants: bc'd', b'd, b'c, cd, ad, ac, ab 


4, 12 bc'd' 

15 3, 9. 11 b'd f=b'c+ bc'd' + cd + b'd + ab 
2,3, 10, 11 b'c f = b'c + bc'd' + cd + ad + ab 
3, 7, 11, 15 cd f = bic + bc'd' + cd + ad + ac 


9,11, 13; 15 ad 
10,11,14,15 ac 
12,13,14,15 ab 


1, 5, 9, 13 


0101 1,9,5,13 -—91— 
0110v 8,9, 10, 11 10-- ab' 
1001 
10 1010v 8, 9, 12, 13 1-0- ac 
12 1100v 01-1 abd | 842797 +-0-— 
7 0111% 3 -1017 
11 1011v 011- abc 
13 1101v 1 310-17 
9,13 1-01% 
10,11 101-7 
12,13 110-7 


015 6 8 9 11 13 


5,7 a'bd 

6,7 a'bc e f = a'bc + b'c' + ab' + c'd 
0,1,8,9 b'c 

1,5,9, 13 ed 

8,9, 10, 11 ab' 

8,9, 12, 13 ac' 
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Unit 6 Solutions 


6.9(c) f=a'b+ bc + ab'c'+ bd + cd 6.10 Prime implicants: abc', bc'd, a'bd, b'cd, a'c, a'b'd' 
f = a'b + bc + ab'c' * ad + cd 
f = a'b + bc + ab'c' * ad + a'c f = abc' + b'cd + a'c + a'b'd' + a'bd 


f = abc' + b'cd + a'c + a'b'd' + bc'd 


6.11 0 00000v 0,2,4,6 00- -0v 0, 2, 4, 6, 8, 10, 12,14 0---0 A'E' 
2 00010% 0,2,8,10  0-0-0v 02-8410-464244 9——9 
4 00100% 0,2,16,18 -00-0 BCE'| 04842264044 0—6 
8 01000% 6426  00—0 
16 10000v 0, 4,8,12  0--00v 
6 00110% 0-8-2440 
9 01001% 


10 01010v 


12 01100% 2,6,10,14 @--10v 

18 10010% 24066 6--10 

7 00111% 4,6,12,14 0-1-0% 

11 01011v 4427644 6-4-0 

13 01101v 8,9,10,11 010-- ABC 
14 01110v 0011- A'B'CD | 8, 9, 12, 13 

19 10011v 0-110v 


21 10101 010-1v 8,10, 12, 14. 0O1--Ov 
29 111017 01-01v 8;:12.9,13  01-0- 
30 111107 0101-v 8,12,10,44 01—9 

01-10 

0110-v 

011-0v 


1001- AB'CD 
-1101 BCD'E 
-1110 BCDE' 
1-101 ACD'E 


0 2 6 7 8 10 11 12 13 14 16 18 19 29 30 


6, 7 A'B'CD 
18, 19 AB'C'D 
13, 29 BCD'E 
14, 30 BCDE' 
21, 29 ACD'E 
0, 2, 16, 18 B'CE 
8, 9, 10, 11 A'BC' 
8, 9, 12, 13 A'BD' 


0,2,4,6,8,10,12, 14. A'E 


F = BCDE' + AB'C'D + B'C'E' + A'BC' + A'B'CD + BCD'E + A'E' 
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Unit 6 Solutions 


6.12(a) [0 000004 |0,1 0000-V [0,1,2,3  000-V 0, L 2, 3, 8, 9, 10,11 0-0-* 
1 00001V | 0,2 000-0V | 0, 1, 8,9 0-00-V 
2 00010V [0,4 — 00-00* |0,2,8,10  0-0-0N Prime Implicants: A'B'D'E, AB'DE, AB'CE, 
4 00100 [0,8 0-000V |1,3,9,11 — 0-0-1N ACD'E, AB'CD, ACDE', ABCD'. ABCE,, 
8 01000V |1,3 000-1 |2,3,10, 11  Q-01-N C'DE, A'C' 
3 00011V |19 0-001V |8,9,10, 11 010--V 
9 010017 |2,3 0001-V | 3,11,19,27 --011* 
10 01010V |2,10 0-010V 
11 01011V | 8,9 0100-7 
19 10011V |8,10 010-07 
21 10101V |3,11 0-011V 
22 10110V |3,19 -0011V 2.4 5 6 7 9 12 13 15 17 20 22 25 28 30 
28 11100V |9,11 010-1V (0,4) A'BIDE! 
23 10111V |10,11 0101-V (19, 23) ABIDE x 
27 11011V | 11,27 -1011V (21, 23) AB'CE 
29 11101V | 19,23 10-11* (21, 29) ACD'E 
30 11110V | 19,27 1-011V (22,23) ABICD 
21,23 101-1* (22, 30) — 
21,29  1-101* obs 2255 
22,23 1011-* 
22.30. 1-110" | 7”) ABCE 
28,29 1110-* (3, 11, 19, 27) C'DE Es G) 
28,30 111-0* (0, 1, 2, 3, 8, 9, 10, 11) A'C' COED i OOS ] 
f = A'C' + C'DE + A'B'D'E' + AB'CE + ACDE' + ABCD' 
f= A'C' + C'DE + A'B'D'E' + ACD'E + AB'CD + ABCE' 

6.12 (b) [0 999004 [0,1 0000-* |11, 15, 27,31 -1-11* Prime Implicants: A'B'D'E', AB'DE, AB'CE, 
1 00001V | 0,2 000-0* | 14,15, 30,31  -111-* ACD'E, AB'CD, ACDE', ABCD'. ABCE', 
2 00010V |0,4 00-00* |26,27,30,31  11-1-* CDE, A'C' 

4 001007 | 0,8 0-000* 
8 010007 1, 17 -0001* 1 2 4 8 11 13 14 15 17 18 20 21 26 27 30 31 
17 10001V¥ | 2,18  -0010* Q (0,1) A'B'CD' x 
18 10010V |4,20  -0100* R (0,2) A'BCE x 
20 10100V |17,21 10-01* S (0,4) A'B'D'E x 
11 01011V | 18,26 1-010* (0, 8) Mee 
13 01101V¥ | 20,21 1010-* T (12 no - : 
14 10110V [11,15 Ol-11N U Q,18) RCDE x " 
21 10101V |11,27 -1011V Ja PODES x » 
26 11010V |13,15 011-1* E 
15 01111V |1415 0111-V b: ARDE 5 x 
27 11011V [14,30 -1110V X (18,26) ACD = X 
30 11110V |26,27 1101-V Y (20,21) AB'CD' X X 
31 11111V |26,30 11-10V (13, 15) A'BCE 
15,31 -1111V (11, 15, 27,31) BDE 
27,31  11-11N (14, 15, 30,31) BCD 
30,31 1111-7 Z (26,27, 30,31) ABD x 


Essential prime implicants: A'C'D'E', BDE, A'BCE, BCD 
Petrick's Method for remaining minterms: (Q+T)(R+U)(S+V)(T+ W)(U+X)(V+Y)(W+Y)(X+Z) 

= (QW+T)(RX+U)(SY+V)(W+Y)(X+Z) = (QW+TW+TY)(RX+UX+UZ)(SY+V) 

= (QSWY+STY+QVW+TVW+TVY)(RX+UX+UZ) There are four minimal choices from the first parenthesis. In the 
second parenthesis only UZ is minimal since Z has fewer literals than the other two PI's. The minimal solutions are 
(STY+QVW+TVW+TVY)(UZ) 
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Unit 6 Solutions 
6.12 (b) f= BCD + A'BCE + BDE + A'C'D'E' + ABD + B'C'DE' + AB'CD' + B'C'D'E + A'B'D'E' 
(contd) f= BCD + A'BCE + BDE + A'C'D'E' + ABD + B'C'D E' + AB'D'E + B'CD'E' + A'B'C'D' 


6.13 (a) 


6.13 (b) 


16 10000V | 16,17 1000-V | 16,17,24,25 1-00-* 
5 00101V | 16,18 100-07 | 16,18, 24,26  1-0-0* 
6 00110V | 16,20 10-00* | 5, 7, 13,15 0-1-1* 
12 01100V | 16,24 1-000V | 6,7 14,15 0-11-* 
17 10001V | 5,7 001-0V |12,13,14,15 011--* 
18 10010V |5,13 0-101V 
20 10100V |6,7 0011-V 
24 11000V |6,14  0-110V 
7 00111N |12,13 0110-V 
13 01101V |12,14 011-0V 
14 01110V |17,25 1-001V (15,20) AB'D'E 
25 11001V |18,26 1-010V (15, 31) BCDE 
26 11010V |24,25 1100-y (16, 17, 24,25) AC'D' 
15 01111V | 24,26 110-07 (16, 18, 24,26) ACE 
31 niv [7,15 0-111V a 
13,15 011-17 aon 
14, 15 0111-V (6, 7, 14, 15) A'CD 
15,31 -1111* (12, 13, 14, 15) A'BC 


f = BCD + A'BCE + BDE + A'C'D'E' + ABD + B'C'D E' + AB'D'E + B'CD'E' + B'C'D'E 
f = BCD + A'BCE + BDE + A'C'D'E' + ABD + B'C'D E' + AB'C D' + B'CD'E' + B'C'D'E 


Prime implicants of f': AB'D'E', BCDE, AC'D', 
AC'E', A'CE, A'CD, A'BC 


5 6 7 12 13 14 15 16 17 18 20 24 25 26 31 


Pod 


f(A, B, C, D, E)- AB'D'E' + BCDE + AC'D' + AC'E' + A'CE + A'CD + A'BC 
f(A, B, C, D, E)= (A + B+ D *EYB' + C' + D' + E'(A' + C +D)(A' + C+ E(A* C' + EA* C' «D'(A + B' 4C) 


16 10000V |16,24 1-000* |3,7,19,23 -0-11* Prime implicants of f': A'BC'DE', AC'D'E', A'B'CE, 
3 0O0011N |3,7 00-11V | 6, 7, 22, 23 -011-* BC'D'E, BCD'E', B'DE, B'CD, ABD' 

5 00101N |3,19 -0011V |24,25,28,29  11-0-* 

6 00110V |5,7 001-1* 

9 01001V |6,7 0011-V 3 5 6 7 9 10 12 16 19 22 23 24 25 28 39 
10 01010* |6,22 -0110V (10) 

12 01100/ |9,25 -1001* 

24 11000V | 12,28 -1100* (16, 24) 

7 00111V |24,25 1100-V (5, 7) 

19 10011V | 24,28 11-007 (9, 25) 

22 10110V |7,23 -0111V (12, 28) 

25 11001V | 19,23 10-11V ET 

28 11100V |22,23 1011-V 

23 10111N |25,29 11-01N (6, 7, 22, 23) 

29 11101V |28,29 1110-V (24, 25, 28,29) ABD' 
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6.14(a) [1 0001N [|13 00-1* [|1,5,9, 13 --01* Prime implicants: A'B'D, A B, AC', C'D, AD’, 
4  0100N 1,5 0-01N 14,5, 12, 13 -10-* BD',BC' 
8 1000V | 1,9 -001N | 4,6, 12, 14 -1-0* 13 5 6 8 9 1 14 15 
3 0011V /|45 010-V |8,9,12,313 — 1-0-* (1, 3) a re 
--(Y* 
5 0101y /|46 01-0V |8,10,12,14 1-0 m zu * x 
6 0110y 14,12 -100V |12, 13,14,15 11--* 
9 1001V 18,9 100- (alala) BG x 
10 1010V |8,10  10-0V (4,6,12,14)  BD' 
12 1100V 8,12  1-00N (8, 9, 12,13) — AC X X 
13 1101N 15,13 -101V (8, 10, 12,14)  AD' X 
unb 294 Quh (2131415) AB 
10,14 110V Essential Prime Implicants: AB, BD', A'B'D 
o Y m f = AB-* BD' * AB'D * CD * AD' 
13 15 TET! f = AB* BD' * AB'D c AC' * CD 
14,15 111-N f= AB* BD'- ABD*AC'* BC 
6.14 (b) 0 0000 0, 2 00-0* 0 2 7 11 8 9 12 14 15 
2 0010 |0,4 0-00* () ABCD GO 
4 100v |2,10  -010* (13) ABC'D 
10 1010V | 10,11 101-* (02 ABD | xX x 
7 0111* (04) ACD | X 
a ew soo| x 
Prime Implicants of f': A'BCD, A'B'D', ABC'D, (10, 11) AB'C ® 
ABC, BCD ACD: Essential Prime Implicants: AB'C, A'BCD 
f' = AB'C + A'BCD + A'B'D' 
6.15(a) [1 oo001V 11,5 00-017 | 1,5, 9, 13 0--01* Prime Implicants: a c e', a'c e, c d'e', a'c d', a'b'c, 
2 00010V |19 0-001V | 1, 9, 17, 25 --001* b'c e', a'b'd e', c'd'e, a'd'e 
4 090100V |1,17 -0001V | 4,5,6,7 001--* 
5 00101V | 2,6 00-10* | 4,5, 12, 13 0-10-* 
6 00110V 4,5 0010-V | 4, 6, 20, 22 -01-0* 
9 010017 | 4,6 001-0V | 4,12,20,28 . --100* 
12 01100V |4,12 0-100V | 5,7, 13,15 0-1-1* 
17 10001V | 4,20  -0100V | 20, 22, 28,30  1-1-0* 
20 10100Y |5,7 001-1N 2 4 5 6 7 9 12 13 15 17 20 22 25 28 30 
7 00111V |5,13  0-101V — 
13 011014 167 ouy | C9 ab'de 
22 10110V |6,22 -0110V (1, 5, 9, 13) a'd'e 
25 11001V |9,13  01-01V (19,17,25) cde &) 
28 11100 |9,25  -10001Y | 4567) PS 
15 O1111V |12,413 0110-y | (sii ae 
30 11110V |12,28 -1100V goats 
17, 25 1-001V (4, 6, 20, 22) b'ce' 
20,22  101-0Y (4, 12, 20,28)  cd'e 
20,28 1-100V (5,7, 13,15) —a'ce 
7, 15 0-111N (20, 22, 28, 30) ace’ 
13,15 011-17 
22,30 1-110 Essential Prime Implicants: a c e', c'd'e, a'c e, a'b'd e' 
28,30 111-0 
f= ace'«* c'd'e * a'ce + a'b'de' + a'cd' 
f= ace'* c'd'e * a'ce + a'b'd e' * c d'e 
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Unit 6 Solutions 
6.15 (b) fo 00000N | 0,8 0-000V | 0, 8, 16, 24 —000* Prime Implicants of f': ace, ade, ac'd, ac'e', bc'd, 
8 01000V |0,16  -0000V |8,10,24,26  -10-0* a'bde', bc'e', c'de, c'd'e' 

16 10000V 8,10 010-07 |16,18,24,26  1-0-0* 
3 00011V [8,24 -1000V |3,11,19,27 --011* 
10 01010V |16,18 100-07 |10,11,26,27  -101-* 
18 10010V | 16,24 1-000V |18,19,26,27  1-01-* 
24 11000V |3,11 0-011V |19,23,27,31 1--11* 
11 01011V¥ 3,19 -0011V |21,23,29,31  1-1-1* 
14 01110V | 10,11 0101-V 0 3 8 10 11 14 16 18 19 21 23 24 26 27 29 31 
19 100117 |10,14 01-10* | Goi awel  x—G) 
21 10101V | 10,26 -1010V 
26 11010V | 18,19 1001-V 
23 10111V | 18,26 41-0107 (8, 10, 24,26)  bc'e x 
27 11011 | 24,26 110-07 (16, 18, 24,26) ace x x 
29 111014 |1L27 -1011V (3, 11, 19,27) — cde 
31 11111V_ |19,23 10-11V | Go, 11,26, 27) 


(0, 8, 16, 24) c'd'e' 


bc'd X 
19,27 1-011 (18,19,26,27) acd X 
21,23 101-1V ie i 
21, 29 1-101N (19, 23, 27, 31) ade i i 
26,27  1101-N (21,23,29,31) ace G9 6 


23,31 1-111V Essential Prime Implicants: ace, a'bde', c'de, c'd'e' 
27,31 11-11N f' = ace + a'bde' + c'de + c'd'e' + ac'e' 
29,31 111-1V | f'- ace + a'bde' + c'de + c'd'e' + ac'd 


6.16 1 000001% 1,3 0000-17 1,3,17,19 — 0-00-1 A'C'D'F 
2 000010" 1,17  0-0001v 137.3349 9-00-4 
16 010000v 2,3  00001-v 2,3,18,19 — 0-001- A'C'D'E 
32 100000" 2,18 0-0010% 2483-49  0-001— 
3 0000117 16,17 @1000-v 16,17,18,19 0100-- A'BC'D' 
17 010001v 16,18 0100-0v 16-318.37.19 0109— 
18 010010v 16,48 -10000 BC'D'E'F' 
48 110000% 32,48 1-0000 AC'D'EF' 
19 010011v 9-0011v 
26 011010" 0100-1% 
28 011100v 01001-v 
15 001111 A'B'CDEF 01-010 A'BD'EF' 
29 011101" 26,30 011-10 A'BCEF' 
30 011110" 28,29 01110- A'BCDE' 


39 100111 AB'CDEF |28,30 0111-0 A'BCDF' 
63 111111 ABCDEF 
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6.16 
(contd) 


6.16 (a) 


6.16 (b) 


6.16 (c) 


6.17 (a) 


Unit 6 Solutions 


1 2 3 16 17 18 19 26 32 39 48 63 


15 A'B'CDEF 

39 AB'C'DEF e 

63 ABCDEF Q 
16, 48 BC'D'E'F' Y 

32, 48 ACD'EF 69— —Xx 

18, 26 A'BD'EF' 

26, 30 A'BCEF' ij 

28, 29 A'BCDE' 

28, 30 A'BCDF' 


1,.3, 17, 19 A'C'D'F 
2, 3, 18, 19 A'CD'E 
16,17, 18,19 A'BC'D' 


G = AB'C'DEF + ABCDEF + A'C'D'F + A'C'D'E +AC'D'E'F' +A'BC'D' +A'BD'EF' 
G = AB'C'DEF + ABCDEF + A'C'D'F + A'C'D'E +AC'D'E'F' +A'BC'D' + A'BCEF' 


Essential prime implicants are underlined in 6.16 (a). 


If there were no don't cares, prime implicants 15, (26, 30), (28, 29), and (28, 30) are omitted. There is only one 
minimum solution. Same as (a), except delete the second equation. 


1  000001v | 1, 33 -00001* | 11,15, 43,47 -01-11* 


12 001100* | 33,35  1000-1* 
33 100001V|7,15  00-111* 


7 000111V] 11,15 001-11V 


11 001011V | 11,43 -01011V Prime Implicants: A'B'CDE'F', A'BCDEF', ABCDE'F', 
35 100011V | 35,43 10-011* B'C'D'E'F, AB'C'D'F, A'B'DEF, AB'D'EF, ABC'EF', 
50 110010V | 50,54  110-10* ABD'EF', ACD'EF, ABCD 'E, B'CEF 


15 001111V | 50,58  11-010* 
30 011110* | 15,47  -01111N 
43 101011V | 43,47 101-117 
54 110110v | 43,59  1-1011* 
58 111010V | 58,59  11101-* 
60 111100* 


47 101111V 
59 111011V 
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Unit 6 Solutions 
Essential Prime Implicants: A'B'CDE'F', 


6.17 (a) 1 7 11 12 15 33 35 43 47 59 60 

(contd) ABCDE'F', B'C'D'E'F, A'B'DEF, B'CEF 
(12) A'B'CDE'F' Q9 
(30) A'BCDEF G = A'B'CDE'F' + ABCDE'F' + B'C'D'E'F + 
(60) ABCDEF' G9 A'B'DEF + B'CEF + ACD'EF + AB'C'D'F 
(1, 33) DE G = A'B'CDE'F' + ABCDE'F' + B'C'D'E'F + 
SINE 4j roe 
(s 18) APDET G— —3* A'B'DEF + B'CEF + ABCD'E + AB'C'D'F 
(35,43) BEP Xx G = A'B'CDE'F' + ABCDE'F' + B'C'D'E'F + 
(50, 54) ABC'EF' A'B'DEF + B'CEF + ABCD'E + AB'D'EF 
(50, 58) ABD'EF 
(43, 59) ACD'EF x 
(58, 59) ABCD'E x 
(11,15,43,47) B'CEF oo &) 

6.17 (b) Prime Implicants of G': AB'CE', AB'DE', AB'F', 6.18 (a) -0-1 = (1, 3, 9, 11), -01- = (2, 3, 10, 11), 
BDF, BE'F, BD'E', CE'F, CD'E', DE'F, C'DE', --11 = (3, 7, 11, 15), 1--1 = (9, 11, 13, 15) 


A'C'D'E, AC'D, D'F', C'F', BC', AB, EF', BDE 

(b) maxterms - 0, 4, 5, 6, 8, 12, 14 
Essential Prime Implicants of G': BC', AC'D, A'B, 
EF', A'C'D'E (c) don't cares = 1, 10, 15 


G' = BC' + AC'D + A'B + EF' + A'C'D'E + AB'F' (d) B'C, CD, AD 
+ BDF + CD'E' + DE'F + C'F' 
G' = BC' + AC'D + AB + EF' + A'C'D'E + AB'F' 
* BDF * CE'F * CDE' * D'F' 
G' = BC' + AC'D + A'B + EF' + A'C'D'E + AB'F' 
+ CD'E'+ DE'F + CF' + BDE 
G' = BC' + AC'D + A'B + EF' + A'C'D'E + AB'F' 
+ CE'F + CDE' + D'F' + BDE 


Using Petrick’s method: 


6.19 Package 
1 (C1 + C3)(C2 + C3 + C5)(C1 + C4)(C1 + C5) 

1 |x x x (C2 + C3)(C2 + C3 + C4)(C3 + CA) 

> x xx = (C1C2 + C1C5 + C3)(C1 + C4C5)(C2C4 + C3) 
= (C1C2 + C1C5 + C1C3 + C3C4C5)(C2C4 + C3) 

Sas |X X E Xo = C1C2C4 + C1C3 + C3C4C5 
4 X X X 
5 X x Each product term specifies a nonredundant 


combination of carts that can be used to deliver the 
packages. The minimal cart solution, using carts C1 
and C3, costs $6. However, using the three carts C1, 
C2 and C4 costs only $5 so it is the minimal cost 
solution desired by the stockroom manager. 
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Unit 6 Solutions 


0011-007 | 24, 28, 88, 92* 


-011-00* 


-011000Y | 70, 86, 102, 118* 


1--0110* 


6.20 24 00110007 | 24, 28 
28 00111007 | 24, 88 
70  1000110/[|28,92 -011100V 
88  1011000v| 70,86  10-0110Y 
39 0100111V | 70,102  1-00110V 
86 1010110V| 88,92 1011-007 
92  1011100v|39,47 . 010-111* 
102 1100110Y|86,118  1-10110V 
105 1101001* | 102, 118 11-0110V 


47 00101111Y 
118 1110110Y 


6.21 Prime implicants: AC, AD', AB, CD, BD, A'D 


Minimum solutions: (AD' + CD); (AD' + BD); 


(AB + BD); (AB + CD); (AB + A'D) 


6.22 (a) AB 
CD 00 01, 11, 10 
00 1 B 
"E" crs 


10 (x (m) 
F= AC'D + BCD' + A'D' +E (A'B'C" + BD) 
MS, MS, 


6.23 (a) Each minterm of the four variables A, B, C, D 
expands to two minterms of the five variables 
A, B, C, D, E. For example, 
m (A,B,C,D) = A'BC'D' 
= A'BC'D'E' + A'BC'D'E 
= m,(A,B,C,D,E) + m,(A,B,C,D,E) 


F=ACD'+AB+ABD+A'CE+BCDE 
F=ACD'+AB+ABD+A'CE+ACDE 


(105) = (1101001) = ABC'DE'F'G 
(39, 47) = (010-111) = A'BC'EFG 
(24, 28, 88, 92) = (-011-00) = B'CDF'G' 


(70, 86, 102, 118) = (1--0110) = AD'EFG' 


6.22 (b) AB 
cD 00 01 11 10 
00 {G |(X]| E 
[ILS 
01 HE Ex 
11 jx) EE | 
10 |@ | D| X | FJ 


Z=C'D + A'CD' + E (BC' + B'D) + F(CD") + G(A'C) 
MS, MS MS, MS 


6.23 (b) Prime implicants: A'C'D', A'B, AB'D, A'C'E, ACDE, 


6.24 


BCDE, B'C'DE 


F = A'C'D' + A'B + AB'D + A'C'E + ACDE 
F = A'C'D' + A'B + AB'D + A'C'E + BCDE 


C D 
EF 00 01 11 10 


eo | A ni 


01| €] | 8| 
= 
eA | If 
* This square contains 1 * B, which reduces to 1. 
G = CE'F + DEF +A (DF) + B (DF) 

MS MS MS 


0 


aM 
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Unit 7 Solutions 
Unit 7 Problem Solutions 


7.1 (a) ab ab 
cd 00 01 11 10 c d 00 01 11 10 
00 | 0 uj 0 aj 00 | ©} 1 /(0)| 1 
01,0 090 " 01/0 | © [|9 | 1 
11| 0 (4) olo 11 | jo} | 1 | |O]] O 
10 | 0 aj 0 (2) 10 | 9 | 119) 1 
f = ab'dďd' +a b'c' + a'b c + a'b d' f = (a+ b') (a +b ) (a + c + d') (b + c'+ d) 
Sum of products solution requires 5 f = (a+ b') (a + b ) (b + c'+ d') (b'+ c + d’) 
gates, 16 inputs f = (a+b) (a + b ) (a + c + d’) (a'+ c'+ d') 


f = (a'+ b) (a + b ) (b'+ c + d) (a'+ c'+ d) 
Product of sums solution requires 5 gates, 
14 inputs, so product of sums solution is 
minimum. 


Beginning with a minimum product of sums 


7.1 (b) Beginning with the minimum sum of products 
solution, we can get 


solution, we can get 


f = a'b (c + d") + ab' (c' * d') f = (a + b) (a' + b) (d' + ac' + a'c 
> 2 y 
5 gates, 12 inputs 6 gates, 14 inputs 
So sum of products solution is minimum. 
7.2 (a) AC'D + ADE' + BE' + BC'+A'D'E' 7.2 (b) AE + BDE + BCE + BCFG + BDFG + AFG 
= E' (AD + B) + A'D'E' + C' (AD + B) = AE + AFG + BE (C + D) + BFG (C + D) 
F = (AD + B) (E' + C) + A'D'E F = (E + FG) [A + B (C + D)] 
i 2 2 3 
2 
2 


4 levels, 6 gates, 13 inputs 4 levels, 6 gates, 12 inputs 
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Unit 7 Solutions 
7.3 F (a, b, c, d)n = a'bd + ac'd or d (a'b + ac") = d (a + b) (a' + c?) 
You can obtain this equation in the product of sums form using a Karnaugh map, as shown below: 


AND-OR NAND-NAND OR-NAND NOR-OR 


a' a a 
i i P i 
D> OD De 
a a' | a' 
: do— g» 
d d' 


F = a'bd*ac'd (F')' = [(a'bd)'(ac'd)']' (F^ = [(a*b'*d^(a'*c*d^]' (F')' = (atb'+d')'+(a't+ct+d')' 
(F')' = [(a'bd+ac'd)']' 


OR-AND NOR-NOR AND-NOR NAND-AND 


d d' d' d 
F = d(at+b)(a'+c’) (F')' = [d'+(at+b)'+(a'+c)]' (F')' = [d'*a'b'*ac]' (F')'=d(a'b')'(ac)' 
(F')' = [d(a+b)(a'+c’'))']' 
AB AB 
CD 00 01 11 10 CD 00 01 11 10 
00|0|0/|0.]0 00|(0|0]|0 | oJ 
01 | 0 Al CD o1 | joj) 1 | 1 41 
11 | 0 g 0 | 0 11 | jo} | 1 | @ [0 
- 
10|0.0/01]|0 10 |(0/ | 0 9 | 9) 
F = AC'D + A'BD F = (A + B(DY(A^ C) 
7.4 F (A, B, C, D) = Xi m(5, 10, 11, 12, 13) F = ABC' + BC'D + AB'C = BC' (A+ D) + AB'C 
iB F = BC' (A + D) + AB'C 
CD 00 01 11 10 ^ 3 
00 | 0 | oO Al 0 3 
a |ojlG]u|o 3 
alallala M 4 gates, 10 inputs 


wolololo W At 

F = BC'D + AB'C + ABC v| T > 
CJ 

aa OO 

el » 

C 
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7.5 


7.6 


7.7 


7.8 


7.10 


cd 


AB 
CD 00 Ol 11 10 
00 | @ | 9 1 
o | 1 | 1 [flo] o 
11 | 1 | 1 |ffo|| o 
ji 
10| 1] 1 io) 0 


Z=(A+C+D)(A't D(A" C)(A* B) 


Z=ABC + AD + C'D' 
=A (BC + D) + C'D' 


Z = AE + BDE + BCEF 
= E (A + BD + BCF) 
- E[A * B(D + CF)] 


For the solution to 7.8, see 7.9 


FLD p. 700. 


cd 00 


Unit 7 Solutions 
Z=(A+C+D)(A'+B'CD) 


3 
3 2 
2 


4 gates, 10 inputs 


) 


cd 


10 


10 


D| TD 


f, (A, B, C, D) =X) m(3, 4, 6, 9, 11) 


f, = acd' + ad + a'b'd 


f, = a'd + a'b'd + acd! 


6 gates 
f, (A, B, C, D) = È m(2, 4, 8, 10, 11, 12) 
f, (A, B, C, D) = È m(3, 6, 7, 10, 11) 
ab ab ab 
00 O01 11 10 cd 00 01 11 10 cd 00 01 11 10 
ol |l ol | ctor 00 
01 H 01 01 
11 | D an 11 T aIda Gu 
| [ n. JE 
10 (n 10 | 1) (Ur 10 W " 
f, = ab'd + b'cd + a'bd' f, = ab'c + b'cd' + bc'd' + ac'd' f3 = ab'c + bicd + a'bc 


fy = ab'c + b'cd' + be'd' + ab'd' 


11 gates 
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Unit 7 Solutions 


7.11 ah ab 
cd 00 01 11 10 cd 00 01 


11 
00 : ) i 1 00 | 1 |(0 Fo) 1 
01 0 bol o 1 01 1 1 lo) 1 
11 | 1 ] 1 Q 11 An 1 P 
10 1 lo 1 lo 10 0 0 1 lo 
F, = (a + c)(a + b')(a'+b'+c)(a'+b+c') F, = (b'+c+d)(a'+b'+c)(a+c')(a'+b+c') 
F, = (a+b'+d)(a'+b'+c)(a+c')(a'+b+c') 


8 gates 
7.12 AB AB AB 

CD 00 01 11 10 CD 00 01 11 10 CD 00 01 11 10 

00 Q "m | oJ 1 00 (o (0 or 00 ua ORDI 

01 o 1|1]|1 01 lo) 1[0 | | o 01 " Lo} 1,1 
11 | 1] 1[|1.|1 111 | 1]|1]|1 11 in 1] 1 ua | 
10 | 1 a I) 1 10|1]|11|1.,|1 10 | E 1[|1 "m 
f, = (A+B+C)(B'+D) f; = (AtB+C)(B'+C+D)(A'+C) £, = (B'+C+D)(A+C)(B+C') 

9 gates 


7.13 (a) Using F = (F')' from Equations (7-23(b)), p. 206: 
f, = [(A'BD}' (ABD) (AB'C’)' (B'O)'] f, = [C' (A'BD)'T; f, = (BC) (AB'C’)' (ABD)'' 


Q t gu» Ou» 
G^ 


m 


w Quo» Uwe Dwe 


5 


Jv 
Ex 


e 


7.13 (b) Using F = (F')' from Equations derived in problem 7.12: 
fi = [(A +B + C)' + (B' + D) 
f, = [(A + B + C)' + (B' + C + D)' + (A' + C)T 
fz = [(B' + C + Dy + (A + C)' + (B + C)T 


is 


bw 


A B 
B C 
C D 
B' A 
Lon Oa ilo 
B 
C 
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Unit 7 Solutions 


7.14 (a) ab 7.14 (b) Beginning with the sum of products solution, we 
cd 00 01 11 10 get 
00 | [0 E aD f=a'b + ab' + d' (a'c + ac?) 
= a'b + ab' + d' (a' + c") (a + c) — 6 gates, 
01 le | |: 91 14 inputs 
11/0 | | 1 0 1 
But, beginning with the product of sums solution 
10| € | D| Jo} | (a above, we get 
f=(a+b+cd')(a'+ b' + c'd')— 5 gates, 12 
f = (a+b +c) (a+b + d) (a'+ b'* d") (a'+ b'+ c") inputs, which is minimum 
5 gates, 16 inputs 
and f = a'b + ab' + b'cd' + ac'd' 
f=a'b + ab' + a'cd' + bc'd' c 
(two other minimun solutions) ; 
: ae d a 
5 gates, 14 inputs minimal b 
i f 
a C 
c d' a' 
d' b' 
a' 
C 
d' f 
a' 
b 
a 
b' 
7.15 (a) From K-maps: 7.15 (b) From K-maps: 
F =a'c + bc'd + ac'd — 4 gates, 11 inputs F = cd + ac + b'c' — 4 gates, 9 inputs 
F = (a + b + c) (c + d) (a' + c) —4 gates, 10 F = (b' + c) (a + c' + d) — 3 gates, 7 inputs, 
inputs, minimal minimal 


7.15 (c) From K-maps: 7.15 (d) From K-maps: 
F = ad + a'cd' + bcd F = a'b + ac + bd' — 4 gates, 9 inputs, minimal 
= ad + a'cd' + a'bc — 4 gates, 11 inputs F = (a + b) (a' + c + d) (a'+b+c) 
F = (a + c) (a' + d) (a + b + d" — 4 gates, 10 = (a + b) (a + c + d) (b + c + d) — 4 gates, 11 
inputs, minimal inputs 
b 
a' a 
F 
d F C 
a b 
d d 
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Unit 7 Solutions 


7.16 (a) In this case, multi-level circuits do not improve the 

solution. From K-maps: 

F = ABC' + ACD + A'BC + A'C'D — 5 gates, 16 
inputs, minimal 

F=(A'+B+C)(A+C+D)(A'+C'+D) 
(A + B+ C?) — 5 gates, 16 inputs, also 
minimal 

Either answer is correct. 


7.16 (b) Too many variables to use a K-map; use algebra. 
Add ACE by consensus, then use X + XY = X 


ABCE + ABEF + ACD'+ ABEG + ASI "E + ACE 


= ABEF + ACD' + ABEG + ACE 
F = ABE (F + G) + AC (D' + E) 


A 1 5 gates, 13 inputs, minimal 
C 
= e 
D 
B 
C E A 
B 
HO | 
G" 
A 
D E C 
D' 
7.17 (b) AB F=(A+C+D) (A+B+C) 
CD 00 01 11 10 (A* B* D)(B* C* D) 
00 I^» l1 @{ =AtD+BO(B+ C + AD) or 
| =(A+C+ BDY(B * D * AC) or 
01 (oj 1 | 1 | 1 - (C * D * ABY(A * B * CD) 
speso ss This solution has 5 gates, 12 inputs. 
10 Ifo | 11151 Beginning with the sum of products 
| requires 6 gates. 


C 
F = [1M(6, 1, 2, 4, 8) 5 pu 
B 
10 » F 
B D 
12|1100 A 


[i101 
afaro] 
[ria 


La 
LN 
6| 
8| 
EN 
10 | 
E 
12| 
13| 
m 
IH 
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7.18 (a) F(w,x, y, Z =(x+y'+z)Q'+y+z)w 


OR-AND 


[viv 
; 


NOR-NOR 


From Karnaugh map: F = wxy + wx'y' + wz 


AND-OR 


mae xz 


JOC 


J >F 


N = 


NAND-NAND 


; 


Vxz xx 


: 


7.18 (b) F(a, b, c, d) = Y. m(4, 5, 8, 9, 13) 


From Kmap: 


F = a'bc' + ab'c' + bc'd 
F = a'bc' + ab'c' + ac'd 


F-c'(a + b) (a' + b' + d) 


AND-OR 


J 
Ea 


ANS oca ADA 


ANS ncs ADA 


OR-AND 


viv 
v 


ara ca 


o 


NAND-NAND 


VY 


NOR-NOR 


aca oA 
| 


AND-NOR 


| 
ue 


Nx OX 


AND 


<= <= 

| Q 
T 
Z 


i 


N 


AND 


| e 
T 
Z 


ane aSa ATA 
| 
pal 

ane aora ocn 


AND-NOR 
a' 
b' 
a 
d 
€ 
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NAND-AND 


' 


{> 


NK x NX x 


NOR-OR 
w' 
x, 
y 
w' 
X F 
Jy 
w' 
Z 
NOR-OR 


Y 


NAND-AND 
a 


' 


a 
DD 
d' 

e' 
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Unit 7 Solutions 


7.19 (a) 
yz 


7.19 (b) 
yz 


x 


0 1 
00 | 1| 1 
01|1]|Q 
1 |11[|1 
10 0 | 0 


x 


0 1 
00 (n | 1) 
01 " 0 
11 | CTD 
10 | 0 | 0 


f-yz*yz xy 


f=yz+y'z'+x'z 


7.20 (a) Using OR and NOR gates: 


cd 


From Kmap: 
F=0'+z)&'+y +z) 


Do WD 
DUO yD 


ab a a 

00 01 11 10 

—- 

u larro] d d' 
10 | 0 | (J ] 0 | 0 

f=a'b+cd 

| i» 

ab 

00 01 11 10 E 
oo Tol 1 |f D í a' 

AS "osi. 
o | of) 1 | lo [fo f — f 

] == b 

d 


7.21 (a) NAND gates: 
F = D' + B'C + A'B 


NOR gates: 
F = (A' + B' + D') (B + C + D) 


f= (b + c)(b +d )(a' + c)(a' + d) 


a' 
d 
7.21 (b) NAND gates: 


f = a'bc' + ac'd' + b'cd 


NOR gates: 
f= (b' + c") (c' + d) (a + b + c) (a' + c + d) 
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7.21 (c) 


7.21 (e) 


7.21 (g) 


7.23 (a) 


NAND gates: 
f = a'b'd' + bc'd + cd' 


NOR gates: 
f = (b + d) (b' + d) (a' + c) (b' + c) 
f= (b + d) (b' + d) (a' + ©) (c' + d') 


NAND gates: 
F=ACD'+ABE'+CDE+A'B'C'D'+B'D'E+A'B'DE' 
F=ACD'+ABE'+CDE+A'B'C'E'+A'B'CD+B'D'E 
F=ACD'+ABE'+CDE+A'B'DE'+A'B'C'E'+B'D'E 
F=ACD'+ABE'+CDE+A'B'DE'+A'B'C'E+B'CE 


NOR gates: 
F=(A+C'+D+E)(C+D'+ E)(At+ B' +E) 
(A'+ B+D'+E)(A'+B+C)(B'+D+E) 


NAND gates: 

f = x'y' + wy' + w'z'* wz 

f = x'y' + wy' + wx' + w'z 

f = x'y' + wy' + yz'* wz 

NOR gates: 
f=(w+x'tz)(wty'+z)(w'ty'+z) 
f=(w+x' *z)(w*y *z)(w *x +y’) 


~ab 
cd —— 00 01 11 10 


00 0 1 0 © 
o 0 1 0 0 
1 1 1 1 1 


10 0 1 0 o` 


f = (b+c)(b+d)(a'+c)(a'+d) 


Unit 7 Solutions 


7.21 (d) NAND gates: 


7.21 (f) 


7.22 


F =A'B'CD' + ACE + C'DE + ADE + A'BCDE' + 


AC'D + B'C'E' + AB'D 


F = A'B'CD' + ACE + C'DE + ADE + A'BCDE' + 


AC'D + B'C'E' + AB'E' 


NOR gates: 
F=(B'+D+E)(A4'+C'+ D)(A+B+C'+D) 


(A-B'* C4 E)(A'-B'*C'* E) 
(A- C*D4E)(A*B'-C' +E) 


NAND gates: 
f= c'd' + a'b + a'd' + ab'c' 


NOR gates: 
f=(a+b + d^(a' * b' * d^(a' + c?) 


(a) F is 0 if any 3 (or 4) of the inputs are 1 so 


F-(A*B'-C' *D)(A -B' *C-2D) 


(A' + B'* C + D(A" + B' + C' + D) 
(A'+B+C'+D) 

=(A'+ B'* C)(A' + B' + DYA'+C'+ D) 
(B'+C'+D) 


(b) F = (A' + B' + C'D'(A'B' + C' + Dor 


F = (A' + C' + BDAC’ + B' + D) 
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Unit 7 Solutions 
7.23 (c) 


7.23 (b) `à ab .ab 
cd N 00 O1 11 10 cd ^. 00 01 11 10 
0 1 Q 1 1 00/0 @ o0 0 
01 1 0 1 1 01 | o 1 0 0 
u © 0 0 0 ix DE px] 
10 1 © 1 1 10 0 A | 0 0 
f'=(a+b')(c +d) Eaa 
a a! 
b' b 
c f 
d 
C 
d 
7.24 (a) 724(c) f=A(B'+ C) + A'BC + B'C' 
A 


i ae 
f 
C 
C 
B 
A 


7.24 (b) f =A(AB)' + (AB)[AB + B' + C]B + 
[AB + B' + C]C' 
= AB' + (A' + B)[AB + BC] + AC' + B'C' 
= AB' + A'BC + AC' + B'C' 


7.25 (a) —— 725() f=[A +B + CTIA + C + B'I[A' + B' C] 
A = [A + (B + C)(B' + C J[A' + B' + C] 
= [A + BC + B'C'I[A' + B' + C'] 


7 f A 
— l 7> , > 


7.25 (b) f=A(B' + C) + A'BC + B'C' 
= [A + A'BC + B'C'][B' + C' + A'BC + B'C'] 
= [A + BC + B'C'][A' + B' + C1 
= [A + B + B'CT[A + C + B'C[A' + B' + C] 
= [A +B + C][A + C + B'I[A' + B' C] 
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Unit 7 Solutions 


7.26 
7.27 (a) A 7.27 (c) Remove the inverter from the output NAND so 
B | d the new output is f'. Then, ‘push the inverters at 
the NAND outputs forward to the inputs of the 
C ) following gates'. An AND with inverters on the 
D inputs is a NOR 
f 
uL à 
B 
: D 
7.27 (b) f= (A' + B(C' + CD)(D'+ CD) + B'( C' + D)C D 
= (A' + B)(C' + D)(D' + C) + B'CD' f' 
= (A' + B)(C'D' + CD) + B'CD' 
= A'C'D' + A'CD + BC'D' + BCD + B'CD' 
7.28 (a) 7.28 (b) f= (b'+ d'+ae)(b+c'+de')(a+c+d) 
de 10 
1 a' 
0 e b' 
i d' 
à l 
1 T 
0 1 » F 
g a 
| ig om 
d 
f=(b+c'+d)(b+c't+e)(b'+d' +e) 
(a * c * d) (a * b' * d) 
7.29 ab b' 
cd 00 01 11 10, 
00 | 1 | © lo 9) d a' 


11] 1 ||[0 | 1| 1 Jj > 
10 | 1 | © @ |0) b 
EE 


= (a + b) [a' * d (b * c)] 
= (a + b?) (a' + bd + cd) 
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Unit 7 Solutions 


7.30 (a) Z = abe'f + c'e'f + d'e'f + gh 
= e'f (ab + c' + d") + gh 


7.31 F = abde' + a'b' + c 


= (a + b?) (a' * bde) + c 
= (a + b' + c) (a' + c + bde") 


b' 

d' 

e a 
C 


a 


Alternate: F = (a' + b + c) (b' + c + ade?) 


7.33 (a) xe 
CD 00 01 11 10 
oo | wl 
01 CD 
1 {OTD e 
10 m 


F = BC'D + B'CD + A'B'D' + A'CD 


F = BC'D + B'CD + A'B'D' + A'BD 


Draw AND-OR circuit and replace all gates with 


NANDs. 


7.33(c) F =B(A'D + C'D) + B'(A'D' + CD) 


LO» 
- 


g 

i 
C 
d 


| » 
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7.30 (b) Z= (a'* b *e * f)(c' * a' + b)(d' + a' + b)(g*h) 
-[a'* b + c'd'(e + fl (g + h) 


a 


aa zm Q 
c 
N 


7.32 f = x'yz + xvy'w' + xvy'z' 
= x'yz + xvy' (z' + w') 


x 
Ho 
Z 


XA 


7.33 (b) us 
CD 00 O01 11, 10, 


F=(B+C+D'\(B't D(A'* D(A'* B'* C) 


Draw OR-AND circuit and replace all gates with 
NORs. 


Alternative: 

F = A' (B'D' + BD) + D(B'C + BC) 
= D (A'B + BC’) + B'(A'D' + CD) 
= A' (B'D' + CD) + D(B'C + BC? 
=D (A'C + BC’) + B'(A'D' + CD) 
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Unit 7 Solutions 


7.34 (a) id 7.34 (b) AB 
CD 00 01 11 10 CD 00 0 


00 | © (D 00 | 1 1 [lo] 
01 © o1 |[ 0 C0) | 1 


1 
0 

110 © 11 |1 o 1 P) 
10 D 10 [| 0) 1 | cto) 
F = ABCD + ABC'D' + AB'C'D + A'BCD' + F=(A+C+D)(B+C'+D)(A+B'+C) 


A'B'CD + A'B'C'D' (A + B' + D)(A'- B + D) (A' + B + C) 
(B'+C+D)(A'+C' +D) 


7.34 (c) Many solutions exist. Here is one, drawn with alternate gate symbols. 
F = A' (B'C'D' + B'CD + BCD’) + A(B'C'D + BC'D' + BCD) 
= A' (B'(C'D' + CD) + BCD') + A (B(C'D' + CD) + B'C'D) 


A 
B 
o 
D' 

7.35 (a) F - A'BC' + BD + AC + B'CD' a 
=B(D+A'C')+C(A+B'D) CD 00 01 11 10 
A olopolo 
c 

; 01 | o |UJ|1)|/0 
D B 
: | per u |ou | mrt 
p c wo [D] o |10] 
A' 
Many NOR solutions exist. Here is one. AB 
F=(B+C)(A'+C+D)(A+B+D)(A+B'+C'+D) CD 00 01 11 10 
= (B + C) [A + (B + D)(B' + C' + DJ (A' + C + D) o fo |: c 
= (B + C) [A (C + D) + A' (B + D) (B' + C' + D)] 
= (B + C) [A (C + D) + A' (B(C' + D) * B'D?] 01 O) D 1|. 
11 o] 11/1 
p] Je, wo} 1/@}]1 41 
D 
D 
Gi A F 
D B 
B C 
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Unit 7 Solutions 
7.35 (b) "m 


A 
CD 00 01 11 10 D " 
00 | 0 | o a 0 c 


01 0 0 0 


u Gimme A 


© 
on 

w 

` 


B 
10 | 0 "um 0 D 
| F = C (B + A'D) + A(B'C'D + BD? 
F = A'CD + BC + AB'C'D + ABD' = C (B + A'D) + A[(B' + D’ (B + C'D)] 
AB 
CD 00 01 11 10 
00 Lg 9 1 lo | 
01 o | (0|0)| 1 
11|1 |1]|1 (o 
10 To) 1/1 [9| 
F = (B' + C + D) (A' + B + C)(B + D) (A * C) 
F - (A + CB + DY(A'* B + C'(B'* C + D) - (C * A(B' * D)) (B * D(A' + C?) 
7.36 AB F-Ym(0, 1, 2, 3, 4, 5, 7, 9, 11, 13, 14, 15) 
CD 00 01 11 10 F = D + A'B' + A'C' + ABC 
00 mT = D + A'(B' + C') + ABC 


oa EN JT 1) Alternate solution: 
F = D + (A + BO) (A + B' + C) 


7.36 (a) 7.36 (b) 
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7.36 (c) 


j 


737 Z=A[BC'+D+E(F'+ GH)] 


G 
H L 
i E -Do 
7.39 f4 fo 
ab 
cd 00 01 11 10 cd 
00 Xk] D| x 
01 
a] [ Em 
10 kf 
fy =bed'+ac 


a 


00 


01 


11 


10 


b 
00 01 11 -10 


a 


ays | 


E 


a | 


X 


f» -b'e +b c'd' 


8 gates 
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Unit 7 Solutions 


7.38 

(a) No—NOR-AND is equivalent to NOT- 
AND-AND. 

(b) Yes—NOR-OR is equivalent to OR- 
AND-NOT. 

(c) No—NOR-NAND is equivalent to OR- 
OR. 

(d) Yes—NOR-XOR is equivalent to NOT- 
AND-XOR. 

(e) Yes—NAND-AND is equivalent to NOT- 
OR-AND. 

(f) No—NAND-OR is equivalent to NOT- 
OR-OR.. 

(g) No—NAND-NOR is equivalent to AND- 
AND. 


Z (h) Yes—NAND-XOR is equivalent to AND- 


XOR or AND-XOR-NOT. 


a b 
00 01 11 10 
90 a_i) 
01 X x 
11 . " 
10 a 


f3=ab+ad+bc'd' 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 7 Solutions 


7.40 ab ab 
c d 00 01 11 19 c d 00 01 11 10 


00 " eo | M " 


01 


i 
11 [1 i 11 "am 
i 


10 | (4 A 10 " f 
fy = a'c + a'b d +a b'd' fọ = a'b' + a'b d + a b'd' 
6 gates 
7.41 
X X X 
yz 0 1 yz 0 1 yz 0 1 
00 M 00 00 B 
01 y o | CoD ao | cH 
11|@ 11 | (D 11 
10 | © 10 (D 10 | (D | (D 
oe ie eS aes He HE XE 
8 gates m 
7.42 (a) ab ab b 
cd 00 01 11 10 cd 00 01 11 10 d 
00 | 1 blo io) 00 | 1 |1]|1 o) a 
b f 
1 
üt |-* |-- |-x [o3 a fojio] d 
| e 
11] 1]010|1 11/0/0100 Y t 
2 
10 | 1 eq (o 10| 1]|1.1 e b 
HL i d 
f E 
f, = (a * b + d) (b' + c' + d?) (b' + d) — 6 gates 
f, = (a'+ b + d) (bite'+d)(b+d) 
7.42 (b) ab ab b' 
cd 00 01 11 10 cd 00 01 11 10 d 
00 " 0|0]|0 00 A "RE 0 b 
e; f 
1 
am|] o | o |] appl o d 
a 
1 |1 lo ]|o Li | 11 | 0/0/04 0 b 
d fz 
10 (r 0|0]|0 10 A Ay 0 b 
H l d' 
f £ 


Circle 1's to get sum-of-products expressions: 
f, = bc'd + a'b'd' + b'd — 6 gates 

f, = bc'd + a'b'd' + bd' 

Then convert directly to NAND gates. 
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Unit 7 Solutions 
7.43 (a) Circle 0’s 


ab ab b' 
cd 00 01 11 10 cd 00 01 11 10 c 
00 ag 00 9| 6 c 
(CO) (CoO) | 9| d fy 
01,1 1 1 1 01 1 1 |O 9| a 
c 
11|1/|9]|9|1 1111|1/|9|1 " f2 
a 
10/(0 |@ | 9| 6) 10|1/|1/|1.41 b, 
a 
f, = (a+c +d) (b c) (c'+ d) fy = (a+c +d) (a' + c) (a' + b' + d') e 
7 gates 
7.43 (b) Circle 1's to get sum-of-products expressions: Then convert directly to NAND gates 
ab f2 
cd 00 01 11 ab c 


cd 00 01 11 10 
0|0/|0/|0/0 d 


00 0 0 1 


+ ed’ + bied 


=. mA [e] 
j=) m. = 
= 
e 
"pu A 
[^] 
n 
+ o o - 
n 
a 
+ 
c eo =) | 
la 
e 
o A d BIS 
N 
ga 
[esy 
9B 
fD 
wn 
a m. e 
e m. =s 
T 
N 
I 
: [ALE 
a 
H =. —, 
H ex 
BRI. 
ao a aog 6. | m 
QD = 


7.44 (a) sÉ an b 
cd 00 01 11 10 cd 00 01 11 10 C 
00 00 ag b' 
01 © 01 (D 4 fi 
uie c 11 [D a1 b 
10 E 10 aya Mo» o» fy 
fj = bc*b'cd*abcd fy = bd +b'cd+ab cd b 
bied z 
7.44 (b) 
ab ab C 
cd 00 01 11 10 cd 00 01 11 10 
e» [e] pv v [9 | » Fo | i 
01 | GT 9 0 | 01 wW | 0) lo | : ) > 
11 11 (CO) f 
a 
TID Gi 1 [9 91 c e 
fj = (b*d)(c*d)(b*o)(a*c*d) f; = (b+ db * oa * c  d)(bsc«d) b f» 
C 
b' 
c 
d' 
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Unit 7 Solutions 


7.45 (a) 


7.45 (b) 


7.46 (a) 


7.46 (b) 


cd 


cd 


f, = (at at aye + db + c« d 


The circuit consisting of levels 2, 3, and 4 has OR 


ab 
00 01 11 10 
00 1 1 0 0 
01 0 0 0 0 
1|0;/@M/o0]o0 
0 ATNI | D 
f, = a'd' + a'bcd* acd 
ab 
00 01 11 10 
00|1]|1 {fo | 0 
01 | 0 | 0 Ifo | 0) 
HL 
1 [o1 |o | on 
10 1 1 1 1 


— 


cd 


ab 
00 01 11 10 
00 AA 0 0 
01 " a 0 | 0 
11/0|0D/|0 0 
l0|0|0|GC]| D 
f, = a'c' + a'bcd* acd' 
ab 
cd 00 01 11 10 
00 1 1 RES 
01 | 1| 1 ( | 0) 
u [0| ı |0 oH 
weoi ji 


f, = (a'+ c)(a'+ d')(b +c'+d)(a+c'+d) 


gate outputs. Convert this circuit to NAND gates 
in the usual way, leaving the AND gates at level 1 
unchanged. The result is: 


One solution would be to replace the 
two AND gates in (a) with NAND 
gates, and then add inverters at the 


output. However, the following solution 


avoids adding inverters at the outputs: 


F, = [(a * b) c * d] (e' * f) 


= ace' + b'ce' + de' + acf + b'cf + df 


= ce' (a + b) * d(e' * f) * cf(a * b") 


F,-[(a*b)c*gl(e' «fh 
= h (ace' + b'ce' + acf + b'cf) + g'h (e' + f) 
= h [ce' (a + b^) + cf (a + b] + g'h (e' * f) 


— Oo 
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i] 


jg 
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Unit 8 Solutions 


Unit 8 Problem Solutions 


40 t (ns) 


8.1 " [ —71 
c —— C" 
ee |l 
Ep. E 
——D— ee 
0 5 10 15 20 25 30 35 
8.2 (a) AB 
(contd) c p 90 01 11 10 
00 6 | 9 
01] 9) i 
A 
a; 
10 | lo | oJ 
F = (A+C)(A'+C+D)(B+C+D) 
Static O-hazards are: 0001<>0011 and 1000<>1001 
8.2 (c) "T 
CD 00 01 11 10 
00 e [9 
01 H9 (9 
11 B 3 
19 |le | 9 
Fo=(A+C)(A'+C+D)(B+C+D) 
(A' * B - C) (A * B * D?) 
8.3 (b) Modified circuit (to avoid hazards) 


11 10 


"[ fep 
s [hi3 


G = A'C'D +B C + A'BD 


8.2 (a) 


8.2 (b) 


8.3 (a) 


8.4 


83 


"[[ [fm 
s | (ala 


F = A'C'D'+AC+BC'D 
Static 1-hazards: 1101<>1111 and 0100450101 


AB 
00 01 11 10 


00 € D 


CD 


01 ary 


11 T T 
10 ela 


Ft = A'C'D' + A C + B C'D + A'BC' + ABD 


Q 


i 


1 2 3 4 5 6^7 ts) 


Glitch 
(static '1' hazard) 


A-1;B-Z;C-1:Z-X;D-1-«Z-1 
E=X'=X;F=1'=0;G=X-0=0; 
H=X+0=X 


See FLD Table 8-1, p. 231. 
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Unit 8 Solutions 
8.5 A-B-0,C-D-1 
So F = AB'D + BC'D' + BCD = 0 


But in the figure, gate 4 outputs F = 1, indicating 
something is wrong. For the last NAND gate, 

F =0 only when all its inputs are 1. But the 
output of gate 3 is 0. Therefore, gate 4 is working 
properly, but gate 3 is connected incorrectly or is 


malfunctioning. 
8.6 (a) " 8.6 (b) 
F 
G A 
H 
1.2 3 4 5 647 t09 D 
Glitch H 
(static '0' hazard) 
The circuit has three static 0-hazards: c 
0001<>0011, 1001<>1011 and 1000<>1010. Two B 
sum terms are needed to eliminate the hazards: 
(A' + B) (B + D) 
8.7 (a) ab 8.7 (b) The minimal POS expression for f is f(a,b,c,d) 
cd 00 01 11 10 = (a + d'\(b' + d)(c' + d") but (a + b") and (b' + c?) 
00 Co must be added to eliminate the static-0 hazards. 
a 
01 d 
u i j Cry b' 
d 
10 (CO) 
c 
f = (a+d')(b'+c+d)(a'+c'+d')(b'+c'+d) d f 
The static-0 hazards are 0100450101, a 
0100<>0110, 011140110, 1100451110, b' 
1111<>1110, 0011<>1011 and 0111<>1111. b' 
c 


8.8 (a) 


F=BD+A'C+ABC'+BCD'. 


Static-1 Hazards: 0000<>0010, 1101<>1001 
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F=BD+AC+ABC+A'BD'. 


Static-1 Hazards: 0000<>1000, 1101<>1001 


F=BD+A'C+ACD+BCD'. 


Static-1 Hazards: 0000<>0010, 1000<>1001 


Hazard-free AND-OR circuit function: 
f(A, B, C, D) = BD + A'C + AC'D + B'CD' + 
A'B'D' + AB'C' 


8.8 (b) 


F = (A+B+C+D\B+Ct+D) 
(A't B + C(A* B+ D) 


Static-0 Hazard: 1110<>1010 


Unit 8 Solutions 


ap UD 


"ni 


Uu» Qu» 


oO» UW Ov» 


Um vow OOo» 


(uev) et 


"E 


OU» QU» vow 
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Unit 8 Solutions 
8.8 (b) ÀB 


contd CD 00 01 11 10 
00 (o | o) 
u |© 
fP) 
@ | l9) 


F = (A+B+C+D\B+CtD) 
(A B + C)(A'+ C+D) 


m. 
[Un 


BR 
© 


Static-0 Hazard: 1100<>1110 


Hazard-free OR-AND circuit function: 
f(A, B, C, D) = (A + B + C + D)(B'* C + D) 
(A'* B + C) (A'* B'* D) (A'+ C'* D) 


8.9 (a) 


AB 
CD “00 0 11 10 
00 1 1 
o1 a i1 
nu 
10 
f- AC * A'B'D 


8.9(b) Since a circuit with NOR gates is desired, start with 
POS expressions for f that corresponds to a hazard- 
free OR-AND (NOR-NOR) circuit. From the Kar- 
naugh map, all prime implicants are required, 

f = (A'+C' A+B )(A+D)(C'+D)(B'+C’). 


AB 
CD 00 01 11 10 


f = (A+D)(A+ B)(A'- C)(C* D)(B'+ C) 


Ua 


cO» QU» 


OW 


OU» OU» UNS VOW jaje 


f = (A'B'+AC'(A+D) = AA'B' + AC' + A'B'D + 
AC'D) = AA'B' + AC' + A'B'D 
static-1 hazard: 0001<>1001 
static-0 hazard: 0010-1010 
potential dynamic hazards: 

0000<>1000 and 0011<>1011 
dynamic hazard: 0000<>1000 
(Note the 0011<>1011 change only propa- 
gates over one path in the circuit and is 
not a dynamic hazard.) 


f can be multiplied out as f = (A'B'D+C’')(A+B'D). 
When this expression is expanded to a POS, it does 
not contain any sum of the form (X + X' + 4) so the 
corresponding circuit is free of hazards. The three 
level NOR circuit is. 


C 


o» 


ds 


It is possible to start with a SOP that is free of haz- 
ards, namely, f = AC' + A'B'D + B'C'D, and then 
factor it, e.g., the same result as above is obtained 
by f = (A+B'D)C'+A'B'D = (A'B'D+C'/(A+B'D). 
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Unit 8 Solutions 


8.10 | (0 LLL i BAL (a) f-(A-* BBC + BD) 
LR NN RUE = AB'C' + ABD' + BB'C' + BD' 
= (A + B)(B' + B(B' + D'(B + C'(C' + D") 


X | | l l | | 
vi ee M From the Karnaugh map and the BB'C' 
Ve [3 


term 
static-1 hazard: 1100<>1000 
£ | Q4 4 4 uu dL static-0 hazard: 0001«»0101 
0| 5 10 15 20 25 30 35 40 45 potential dynamic hazards: 
0000-0100 and 1101-1001 
The circuit shows that only 0000<>0100 
propagates over three paths. 


8.11 (a) 
contd 


A 


B 
f 
f= ABC-ABD'- BD'. D 
8.11 (a) From the Karnaugh map for f, it is seen that a hazard-free POS expression for f requires all prime implicants. 
f = (A + BYB' + D'(B + C)(C' + D'(A + D) 
f can be multiplied out as f = (A + B)(B' + D)(B + C?(C' + D(A + D?) = (AC' + B(AB'C' + D?) 
AB D 
CD 00 01 11 10 
00 B 
C f 
01 
A 
11 
10 
f = (A + B(B + C)(B* D)(C* D»(A + D") 
8.13 AB 
CD 00 01 11 1b 
M 
vo vw: Lr r—- i c 
X | | l ] | | 01 
Y | | 1 | CTD 
} | i } n 
Y 
VL. a | MEE E: 10 |-D ct 
Z I l Te l | 4 
Z = A'CD+ACD'+BCD' 
0} 5 10 15 20 25 30 35 40t(ns) 
Static 1-hazards lie between 1000<>1010 and 
0010<=0011 
Without hazards: Z! = AC'D' + A'CD + B'CD' + 
A'B'C + AB'D' 
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Unit 8 Solutions 

8.14 A=Z;B=0;C=Z'=X;D=Z:0=0; 
E=Z;F=0+0+X=X;G=(0:2)'=0'=1; 
H=(X+1)'=1'=0 


8.16 (a) F (A, B, C, D) = Y m(0, 2, 5, 6, 7, 8, 9, 12, 13, 15) 


8.15 


A=B=C=1,soF=(A+B'+C)(A'+B+C) 
(A'+ B'+C)=1 

But, in the figure, gate 4 outputs F = 0, indicating 
something is wrong. For the last NOR gate, F = 

1 only when all its inputs are 0. But the output 

of gate 1 is 1. Therefore, gate 4 is working 
properly, but gate 1 is connected incorrectly or is 
malfunctioning. 


There are 3 different minimum AND-OR solutions to this problem. The problem asks for any two of these. 


AB AB AB 

CD 00 01 11 10 CD 00 01 11 10 CD 00 01 11 10 
00 | 1) 11 00 W TPT 00 " T) 
01 (2 Qı 01 (2 1 J 01 E 1 J 
11 ml 11 n 1 11 mm 
10 | 1 1 D 10 A " 10 (aum 


F=BD+AC+A'CD'+BCD' 


Solution 1: 1-hazards are between 
0000<>0010 and 0111<+0110 


8.16 (b) A 
CD 00 01 11 10 
00 © 
01 [m 
11 lo (o 
10 CHRO) 


F=(A+B+D')(A+B'+C+D)(A'+C'+D) 
(A'+ B* C) 
O-hazard is between 10110011 


Either way, without hazard: 
F'Z(A*B* D)(A- B' c C* D)(A'*C' * D) 
(B + C' + D) (A' + B +C) 


88 


F=BD+AC+ABD'+ ABC 


Solution 2: 1-hazards are between 
0010<0110 and 0000<>1000 


F = BD-*AC'-* A'BD'* A'CD' 


Solution 3: 1-hazards are between 
0111-0110 and 00004» 1000 


Without hazards: 
F'- BD + AC' + B'C'D' + A'CD' + 
A'B'D' + A'BC 
AB 
CD 00 01 11 10 

00 © 

01 | ( 
e 

11 [W (o | 

10 0 | 0) 


F=(A+B+D)(A+B'+C+D)(A'+C'+D) 
(B+C'+D’') 
0-hazard is between 1011<>1010 
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Unit 9 Solutions 
Unit 9 Problem Solutions 


9.1 See FLD p. 703 for solution. 9.2 See FLD p. 703 for solution. 
9.3 See FLD p. 704 for solution. 9.4 See FLD p. 704 and Figure 4-4 on FLD p.105. 
9.5 
Y, m Yo Yı Yo Y1 
0000][000| Y2 Ys 00 01 11 ME. e 00 01 11 10 Y» Ya 00 01 11 10 
00|0 0/|0.0 a 
1000[|001| oo} ao |] 1] o oo | o '(1]|ff|| 1 
Xigae|014| n ped eg a |a ups mn orfa [|i 
xx10 [101] 11 ( NE: n alalaılaılal u [a a [laf] 4 
XXX1]|111 
xxxi [iii] 10 ü "ERE! 90 0/!01|9 10 la [la lella 
LEE b= tyy C= Yat Yor X1* Yo 
9.6 See FLD p. 705 for solution. 9.7 See FLD p. 705 for solution. 
9.8 See FLD p. 705-706 for solution. 9.9 The equations derived from Table 4-6 on FLD 
p. 107 are: 


D = xy'b, + x'yb,' + xy'b,' + xyb,, 
bout = x'b + xy + yb, 
See p. p. 706 for PAL diagram. 


9.10 Note: A, =A; andA,=A,. Equations for A, 
through A, can be found using Karnaugh maps. See 
FLD p. 707-708 for answers. 


9.11 (a) F = C'D' + BC' + A'C — Use 3 AND gates 9.11 (b) F- A'B' + C'D'— Use 2 AND gates 
F' = [C'D' + BC' + A'C]'= [C' (B +D') + CA'' F' = (A'B' + C'D 
= [(C + B + D’) (A' + C')]' = (A + B)X(C + D) 
= B'C'D + AC — Use 2 AND gates = AC + AD * BC * BD — Use 4 AND gates 
9.12 (a) See FLD p. 708, use the answer for 9.12 (b), but 9.12 (b) See FLD p. 708 for solution. 


leave off all connections to 1 and 1'. 


9.13 Using Shannon's expansion theorem: 
F = ab'cde' + bc'd'e + a'cd'e + ac'de' 
= b' (acde' + a'cd'e + ac'de') + b (c'd'e + a'cd'e + ac'de") 
= b' [ade' (c + c") + a'cd'e] + b [(c' + a'c) d'e + ac'de'] 
= b' (ade' + a'cd'e) + b (c'd'e + a'd'e + ac'de?) 
The same result can be obtained by splitting a Kamaugh map, as 
shown to the right. 
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Unit 9 Solutions 


9.14 (a) R = ab'h' + bch' + eg'h + fgh 9.14 (b) 
= (ab' + bc)h'* (eg' + fg)h a 
= [(a)b' + (c)b]h' + [(e)g' + (f)glh b 
a € 
h R 
c e 
b R g 
e f 
h 
f 
8 
9.15 There are many solutions. For example: 9.16 


9.16 
contd 
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9.17 (a) 


84 


[5o 


So NET Ga 


L — 


I, — 


9.18 


9.20 


9.17 (b) 


8, 


[5o 


SER ili 
De E 


Ij — 


1, — 


Since the decoder outputs are negative, NAND 
gates are required. The excess-3 outputs are 

= m(5,6,7,8,9), £ m(1,2,3,4,9), E m(0,3,4,7,8), and 
= m(0,2,4,6,8) so four 5-input NAND gates are 
needed with inputs corresponding to the minterms 
of the excess-3 outputs. 


4-to-10 
line 
decoder 


f (a, b, c, d, e) = a'b'cde' + a'b'cde + a'bc'd'e + 

a'bc'de + a'bcd'e' + a'bcd'e + ab'c'd'e' + ab'c'd'e + 

ab'c'de' + ab'cd'e' + ab'cd'e + ab'cde + abc'd'e + 

abcd'e' 

= a(b'c'd'e") + a(b'c'd'e) + a(b'c'de") + a(b'cd'e") 

+ a(b'cd'e) + a'(b'cde") + [a'(b'cde) + a(b'cde)] + 

[a'(bc'd'e) + a(bc'd'e)] + a'(bc'de) + [a'(bcd'e") + 

a(bcd'e')] + a'(bcd'e) 

I0 =a, I1 =a, 12 =a, I3 = 0, 14 =a, I5 = a, I6 = a', 

I7 = 1, I8 = 0, I9 = 1, 110 = 0, 111 = a', 112 = 1, 113 
a, 114 = 0, 115 = 0 
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9.19 


Unit 9 Solutions 
9.17 (c) 


Si 


z en 


Using S1 = w and SO =z, I0 = x, I1 = 1, I2 = y and 
I3 = 0 which does not require any gates. 


Ox RX 


WZ 
Other answers: Using S1 = w and S0 = y, I0 = x, I1 
= z, 12 = 0 and I3 = Z which requires one inverter. 
Using S1 = wand SO = x, I0 =z, I1 = 1, 12 = yz' 
and I3 = y which requires one inverter and one 
AND gate. 


Z 


COMFPMORPORPMAa DA OMAD 


Unit 9 Solutions 


0 0 
1 0 
1 0 
0 1 
1 —> Sum 0 > Cout 
0 1 
0 1 
1 1 
X Y Cn X Y Cn 
9.21 (b 9.21 (c 
(b) (c) X 0— 
X X — 
FTN 0 xy Sum x— Cout 
Cin + Sum Cin Cout X 1— 
— 1 YG Y Cg 
X Y X Y 
9.22 (a) 0 0 
1 1 
1 1 
0 . 1 
1 —» Diff 0 —» Bout 
0 0 
0 0 
1 1 
X Y Bin X Y Bin 
9.22 (b) 9.22 (c) 


Bin X 0 
B: 1 x31 X X 
: n : 
Bi, +d Diff R Bout x Diff y Bou 
Bin X 1 
Y B, Y B 
X Y X Y 
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© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


For a positive number A, |A| = A and for a negative 
number A, |A| = —A. Therefore, if the number is 
negative, that is A[3] is 1, then the output should be 
the 2's complement (that is, invert and add 1) of the 
input A. 


2-to-4 


decoder 


Unit 9 Solutions 


output 
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3-to-8 
Decoder 


9.26 (b) 


3-to-8 
Decoder 


D - [[M(0, 3, 5, 6); B„„ =[] M(0, 4, 5, 6) 


Unit 9 Solutions 


9.27 
>a 
If any of the inputs y, through y, is 1, then d of the 
8-to-3 decoder should be 1. But in that case, c, 
y or c, of one of the 4-to-2 decoders will be 1. So 

0 = 
y, 4-to-2 dO tC; 

y priority : : 

2 encoder If one of the inputs y, Y., Yẹ and y, is 1, then 
Y3 a should be 1, and b and c should correspond 
y to a, and b,, respectively. Otherwise, a should 

4 be 0, and b and c should corresond to a, and 
y 4-to-2 ‘ 1 

5 Ko b , respectively. So a = c, b=c,a,+,'a,, and 

priority 1 2 272 2 T 
Jg c=c b, cb. 
encoder 259.7 marg 
Y7 
9.28 
a 
d S 
PA. ig 28x 5 : 
2 
d ROM $i 
e So 
f 
N2 Co t 
g u 
h 


asb) RS 

A TU 00 01 11 10 
E e| [ [rp 
ROM 

| |e {dts 
TU 00 01 11 10 
co] e [ata] 
XE 
NEUE 
19|0|060|Xx|x 
W-STU-*STU-*RU-*STU' 


01 X 1 


N MOX X 


11 E x] X 
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9.29 (b) T 
(contd) T u 00 01 11 10 


olololxla 
01/0 a€» o 


11/0 0 X X 
:]3|e|x «| 


Y=STU+STU+t+RU 


X 


* 


"n 


RS 
TU 00 01 11 10 


o|o | ax] a 
01|@/o]x]o 
11| 0 €x 


10 | 0 0 |; xX | X 


z 
; 


i 


J 


E 


Z=RS'TU+STU+STU 


CiU CHOR CuaCHaC BOHM CNU C RD HU 


so 
Ww 
© 
~ 
£ 
— 
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9.30 (b) ae ane " 
TU 00 01 11 10 TU 00 01 11 10 T H » 
08| 0 | X | X | ff) o0 | 0 (X |(X| 2) 2 
11|0|X|X 1 11| © | |x | xX} | 0 R 
x i wW 
10/0 0/|0/|1 10 (1|d)| o U' S 


R 
V=RS W = RTU'+RTU' +S S 
R' 
RS RS T Y 
TU 00 01 11 10 TU 00 01 11 10 U 


R 
00 | 0 X 0 00 | 0 X 9 
; UE HO 
01|0 X (X |-3) 01 GT X|8 A 

| [| 
uje je 11) o | |x|] «fo Ll p— 


wolo Wlo wlolWlolo R 
T Z 
U 

Y = RTU+RTU+RS Z = RTU+R'S+RTU zm 
S 


9.30.0 
or 
pai ene 
| 
UCIENENE 
BUS 
| 
F,=(A+B+C+D)(A+C+DYC'+D) 


9.31 (a) AB ee 
(contd) C D 00 01 11 10 a) 29 
060|9|1 i1|1 


BL eT mre 
i1|e|e|ala 


10 | 1 1 1 1 


F,=(A +B +C +D)(A' +C + D')(A + D’) 


a qanwa ang 
H 
N 


Alternate solution: 
F,=(a+btctdj(atc't+d)(a'+d’ 
F,-(atb*c*d)(a-*b'*d)(c * d) 
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9.31 (b) 


X cd' 

X bd' 

X ad' 

* X ac 
X X—X a'c'd 


s CD a 01 11 10 CD a 01 11 10 
oa | eT] x|] o aofo JRT 
11 t | x|] X uaa Tix x 
M 


“| 
(>< 
=. 
S 
N 
z 
» 
=} 


r3 


ay 


m. 


1 | X)| X 10 | 0 1 XX 


0101/1010 
011041101 W=A'D+C+B+AD' X=ACD'+CD+AD+BC 


: 
d 
- | 
= 


ulolulxX|x 11 TRIE 
mene PT w fude 


97 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 9 Solutions 


9.32 (b) 9.32 (c) 
"E 
o-oo [o110] 


[0-0 [ooon] 


9.33 (a) See solution for 7.10 


y [2 
x* * x* * ab'd 
x* x% x* x— b'cd 
E 3 — 9t a'bd' 
x Xx—xXx x——Xx— ab'c 
X—xX x P b'cd' 
X * > bc'd' 
x x x > ac'd' 
X X X— a'bc 
fi fo fs 
9.33 (b) See solution for 7.41 9.33 (c) Because a PLA works with a sum-of-products 


expression, see solution for 7.43(b), not (a). 


fi fo 
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934  Z-IAB'C' *LA'B'C + LA'BC + LA'BC + LAB'C' + LAB'C + LABC' + LABC 
= X A' + XA where X, = I,B'C' + I,B'C + LBC' + IBC and X, = I,B'C' + I,B'C + I,BC' + IBC 


X KOK x 

ATK X X 

x x X D 
9.35 For an 8-to-3 encoder, using the truth table given in 


FLD Figure 9-16, we get 

a =y, +Y; +Y; tY, 

b =Y, Ys Y4 Y YY; F VV Y YEY; X, +Y, 

C =Y YY VaYs YI * VV VV Yy EYY) * Y; 
d=a+b+c+y 

Alternative solution for simplified expressions: 
b - yy; + YYY: + Yo * Y; 

C - YA; Y Ye + Y3Y4 Ye t YsYe +Y, 
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9.35 
(contd) . 
Note: Unused inputs, outputs, 
Yo T2 and wires have been omitted 
from this diagram. 
Vy J 2—11 
»-Te——H 
*Ta——M 4 | 
^ Pe=eeeee | 
¥s Pere errr | 
Y6 Tz] 
y Tx] 
x D+ 
X 
*X a 
x D 
X AK KORO 
X KK OK 
X X b 
X 
KO IO OOOO 
K KT AKT KK 
X KK C 
X 
X 
X 
x —d 
X 
9.36 F = CD'E + CDE + A'D'E + A'B'DE' + BCD 9.36 (d) Use the expansion about A and C 
F = A'C(E) + A'C(F,) + ACE) 
9.36 (a) F =A'B(CD'E + CDE + D'E + DE?) + where F,, F, F, are implemented in lookup tables: 


A'B (CD'E + CDE + D'E + CD) + 
AB' (CD'E + CDE) + AB (CD'E + CDE + CD) 


9.36 (b) F = B'C' (A'D'E + A'DE?) + 
B'C (D'E +DE + A'D'E + A'DE') + 
BC' (A'D'E) + BC (D'E + DE * A'D'E + D) 


9.36 (c) F =A'C' (D'E + B'DE) + 
A'C (D'E + DE + D'E + B'DE' + BD) + 
AC'(0) + AC(D'E + DE + BD) 
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9.37 F = B'D'E' + AB'C + C'DE' + A'BC'D 
9.37 (a) F = A'B' (D'E' + CDE? + A'B (C'DE' + C'D) + AB' (D'E'+ C + CD) + AB(C'DE’) 
9.37 (b) F = B'C' (D'E' + DE’) + B'C (D'E' + A) + BC' (DE' + A'D) + BC (0) 
9.37 (c) F = A'C'(B'D'E' + DE' + BD) + A'C (B'D'E) + AC'(B'D'E' + DE) + AC (B'D'E' + B) 
In this case, use the expansion about B and C to implement the function in 3 LUTs: 


F = B'C(E.) + B'C(E) + BC'(E) + BC(0) 
Here we use the LUTs to implement F „ F, F, which are functions of A, D, E 


mor MOoOrmos 


9.38 For a 4-to-1 MUX: 
Y = A'B'I, + ABI, + AB'I, + ABI, 
= A'(B'l, + BI) + A(B'I, + BL) 
= A'G + AF, where G = B'T, + BI; F = BI, + BI, 


Set programmable MUX so that Y is the output of 
MUX H. 


9.39 (a) 9.39 (b) 9.39 (c) 


9.40 Same answer as 9.39 except connect E to the enable 
input in parts (a) and (c) and E’ in part (b). 
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9.41 (a) F =a’+ac’d’+ b’cd’+ ad 9.41 (c) 
= d’(a’+ ac’+ b’c) + d(a’+ a) 
= d’(a’+ ac’+ b’c) + d(1) 
= d'(e) + dig) 


9.41 (b) 

b+ LUTO 

c 

F 
a 
g 

b LUT 1 d 

C 
9.42 (a) F = cd' * ad' + a'b'cd'* bc? 9.42 (c) 


- d'(c * a * bc’) + d(a' b'c* bc?) 
- d'(e) * d(g) 


9.42 (b) Same as 9.41 (b). 


9.43 (a) F = bd + bc’+ac’d+a’d’ 9.43 (c) 
= d'(bc' + a’) + d(b + bc'* ac’) 
= d'(bc' + a’) + d(b + ac’) 
= d'(e) + d(g) 


9.43 (b) Same as 9.41 (b). 
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10.1 


10.3 


10.5 


10.6 


10.8 


10.9 


10.10 


10.11 (a) 


Unit 10 Solutions 
Unit 10 Problem Solutions 


See FLD p. 709 for solution. 10.2 See FLD p. 707 for solution. 
See FLD p. 710 for solution. 10.4 See FLD p. 710 for solution. 


See FLD p. 710 for solution. 
Notes: The function vec2int is found in bit_pack, which is in the library bitlib, so the following declarations are 
needed to use vec2int: 


library bitlib; 
use bitlib.bit pack.all; 


If std logic is used instead of bits, then the index can be computed as: 
index «- conv. integer(A&B&Cin); where A, B, and Cin are std logic. 


conv. integer is found in the std logic arith package. 


See FLD p. 710 for solution. 10.7 See FLD p. 711 for solution. 

Notes: In line 8, "00"&a converts a to a 18-bit 
std logic vector. The overloaded “+” operators 
automatically extend b, c, and d to 18 bits so that 
the sum is 18 bits. In line 9, sum(17 downto 2) 
drops the lower 2 bits of sum, which effectively 
divides by 4 to give the average. Adding sum(1) 
rounds up the value of f if sum(1) = 1. 


See FLD p. 711 for solution. 


Add the following to the answer given on FLD p. 711: 
Addout <= '0' & E + Bus; 

Sum <= Addout(3 downto 0); 

Cout <= Addout(4); 


See FLD p. 711 for solution. 


The network represented by the given code is: 


L 
ji M 
Q N R 
(1) Statement (a) will execute as soon as either P or Q change. Hence, it will execute at 4 ns. 
(2) Since the NAND gate has a delay of 10 ns, L will be updated at 14 ns. 


(3) Statement (c) will execute when the value M changes. It will execute at 19 ns. 


(4) R will be updated at 19 + ^ ns, since A is the default delay time when no delay is explicitly specified. 


H «- not A nand B nor not D nand E; 10.11(b) AN <= not A after 5 ns; 

C «- AN nand B after 10ns; 
(Note: not happens first, then it proceeds from left to F «- not D after 5ns; 
right) G «- C nor F after 15ns; 


H «- G nand E after 10ns; 
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10.12 10.13 L=X (Since 1 and 0 in the resolution function 
yields X) 


R F M=0 
S P N = 1 (1 overrides Z in the resolution function) 


P 
Q 
R T 
10.14 (a) The expression can be rewritten as: 10.14 (b) LHS: not("101" & "011") = "010100" 
F <= (((not E) & "011") or "000100") and (not D); RHS: ("100" & "101" and "010" & "101") = "000101" 
Evaluating in this order, we get: Since LHS > RHS, the expression evaluates to 
F = 000110 FALSE 
10.15 library bitlib; 10.16 (a)databus <= membus when mRead = '1' 
use bitlib.bit pack.all; else "7ZZZZZZZZ"; 
databus <= probus when mWrite = '1' 
entity myrom is else "ZZZZZZZZ"; 
port (A, B, C, D: in bit; W, X, Y: out bit); 


end myrom; 


10.16 (b) The value will be determined by the 


architecture table of myrom is : à : : 
y std logic resolution function. For example, if 


Kia E mde S ND bd membus = "01010101" and probus = "00001111", 
"110", "011", "110", "001", "000", "000", "111", then databus = "OXOXX1X1" 
"100", "010", "001", "100", "101", "000"); 
signal index: integer range 0 to 15; 
signal temp: bit_vector(0 to 2); 
begin 
index <= vec2int(A&B&C&D); 
temp <= ROM1(index); 


W <= temp(0); 
X <= temp(1); 
Y «- temp(2); 
end table; 
10.17 (a) with C&D select 10.17 (b)F «- not A after 15ns when C&D - "00" 
F <= not A after 15ns when "00", else B after 15ns when C&D - "01" 
B after 15ns when "01", else not B after 15ns when C&D - "10" 
not B after 15ns when "10", else '0' after 15ns; 


'0' after 15ns when "11"; 


10.18 (b) entity main is 
port(A, B, C, D: in bit; F: out bit); 


10.18 (a) entity mynand is end main; 


port(X, Y: in bit; Z: out bit); 


end mynand; architecture eqn of main is 


component mynand is 


architecture eqn of mynand is port(X, Y: in bit; Z: out bit); 


begin : 
Z <= X nand Y after 4 ns; LED 
end eqn; signal E, G: bit; 
begin 


n1: mynand port map(A, B, E); 

n2: mynand port map(C, D, G); 

n3: mynand port map(E, G, F); 
end eqn; 


104 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


10.19(a) 


library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity hazard_circuit is 
port (a, b, c : in std logic; 
f : out std logic); 
end hazard circuit; 
architecture hazarddf of hazard circuit is 
signal d, e, g : std. logic; 
begin 
d «- not b after 10ns; 
e «- a and b after 10ns; 
g <= c and d after 10ns; 
f <= e or g after 10ns; 
end hazarddf; 


10.19(b) Si gnal |Cu 


10.19(d) 


10.19 (f) 


Unit 10 Solutions 


10.19(c) | change the assignment statement for d to 
d «- not b after 5 ns; 


10.19(e) change the assignment statement for f to 
f «- transport e or g after 10 ns; 


10.19(g) ^ When the output gate has a 10ns inertial delay, 
the 5ns glitch caused by the static-1 hazard is not 
passed through the gate; however, with a transport 
delay the glitch does pass through. Note: The 
initial values of d, e, f and g are 'U' becasue std_ 
logic type is used. These initial values are '0' when 
bit type is used. 


rrent ||Ons |10ns_  |20ns  |30ns  |40ns  |50ns  |60ns  |70ns  |80ns  |90ns 
2 lig 


| Si gnal | Cur rent ||Ons |1O0ns — |20ns 


|30ns  |40ns  |50ns  |60ns  |70ns  |80ns | 


a "A 


d 
di i 


EUER 


o Wo] — 
a a 


b 
[e 
f 
d HE E 0 o] ——— — 
e 
g 


Si gnal Current | |Ons }10ns_ | |20ns  |30ns 40ns |50ns  |60ns  j|70ns | 
ET 


a 

b "p 

[s HE 

f 2 U | | 

d "p U 

e ov Uu ] L2 
y How. 00000 qp — —5 
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10.20(a) 10.20(c) change the assignment statement for e to 


lib IEEE; 
ibrary ; e «- not b after 5 ns; 


use IEEE.STD LOGIC 1164.ALL; 
entity dynhaz circuit is 
port (a, b, c, d: in std. logic; 
f : out std. logic); 
end dynhaz circuit; 
architecture hazarddf of dynhaz circuit is 
signal e, g, h, i, j : std. logic; 
begin 
e <= not b after 10ns; 
g <= a and b after 10ns; 
h <= c and e after 10ns; 
i <= b or d after 40ns; 


10.20(e) ^ change the assignment statements for j and f to 
j <= transport g orh after 10 ns; 
f <= transport i or j after 10 ns; 


10.20(g) ^ When the gate 4 has a 10ns inertial delay, the 5ns 
glitch caused by the static-1 hazard for gate 4 is not 
passed through gate 4 ; however, with a transport 
delays for gates 4 and 5, the static-1 hazard glitch 
at gate 4 does passes through gate 4 and gate 5. 

In addition, the 5ns glitch caused by the delay 
j <= g or h after 10ns; through gate 3 also passes through gate 5. The 
f «- i and j after 10ns; three changes in f illustrate the dynamic hazard that 
end hazarddf: exists in the circuit. 


10.20(b) | signal Current | | Ons | 15ns |30ns  |45ns 60ns |7ons  |90ns [105ns | 
d nu-———————— ——————————————  ——] 


com 
I 


ma no 
= 


o 
e: 


S 
| cilc i c 


"om ga 
E 


L 


e: 


Lj 


ee) | signal | Current | | Ons j15ns |30ns  |45ns  j60ns  75ns  |90ns  |105ns | 
a Alig mM 
b uw 7 Cs s 
C ps mM 
d gid 
E NK eC —Á— mw 
e IB MEUM T 
^ on —M A oOo 
hort UU | S MES 
i Oe 
"UE d nt —Á———À— 
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Signal | Current | | Ons |15ns | 30ns | 45ns | 60ns |75ns |90ns [105ns | 
a 'T 
b OT 
c 'T 
d tor 
f 'o U | 
e T U] 
g o U | 
h ro U | 
i '0' U 
j rU LI 
10.21(a) library IEEE; architecture behaviorall of bcd to 2421 is 
use IEEE.STD LOGIC 1164.ALL; begin 
entity bcd to 2421 is y «- "0000" when x = "0000" 
port (x : in std logic vector(3 downto 0); else "0001" when x = "0001" 
y : out std logic vector(3 downto 0)); else "0010" when x - "0010" 
end bcd to 2421; else "0011" when x - "0011" 
else "0100" when x = "0100" 
else "1011" when x = "0101" 
else "1100" when x = "0110" 
else "1101" when x = "0111" 
else "1110" when x = "1000" 
else "1111" when x = "1001" 
else "XXXX"; 
end behavioral; 
moan: library IEEE; architecture behavioral of bcd_to_2421 is 
use IEEE.STD_LOGIC_1164.ALL; begin 
entity bed_to_2421 is with x select 
port (x : in std. logic vector(3 downto 0); y <= "0000" when "0000", 
y : out std logic vector(3 downto 0)); "0001" when "0001", 
end bcd to 2421; "0010" when "0010", 
"0011" when "0011", 
"0100" when "0100", 
"1011" when "0101", 
10210) tine xy ET 
& (d) 
0 ns 0100 0100 "1110" when "1000", 
5 ns 0101 1011 "1111" when "1001", 
10 ns 1001 1111 "XXXX" when others; 
15 ns 1010 XXXX end behavioral2; 
107 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 10 Solutions 


10.22(a) library IEFE; Meek) library IEEE; 
use IEEE.STD LOGIC. 1164.ALL; use IEEE.STD LOGIC. 1164ALL; 
entity c8421. to excess3 is entity 8421 to excess3 is 
port (x : in std logic. vector(3 downto 0); port (x : in std logic vector(3 downto 0); 
y : out std logic vector(3 downto 0)); y: out std ogic vector(3 downto 0); 
end c8421 to excess3; . 
architecture behaviorall of c0421 to excess3 is M ORAR L I MS, , 
besin architecture behavioral2 of c8421_to_excess3 is 
y <= "0011" when x = "0000" begin 
else "0100" when x = "0111" with x select 
else "0101" when x = "0110" y <= "0011" when "0000", 
else "0110" when x = "0101" "0100" when "0111", 
else "0111" when x = "0100" "0101" when "0110", 
else "1000" when x = "1011" "0110" when "0101", 
else "1001" when x = "1010" "0111" when "0100", 
else "1010" when x = "1001" "1000" when "1011", 
else "1011" when x = "1000" "1001" when "1010", 
else "1100" when x = "1111" "1010" when "1001", 
calpain "1011" when "1000", 
end behavioral1; "1100" when "1111", 
"XXXX" when others; 
end behavioral2; 
10.220) x. x , 10.22) ie x : 
Ons 0011 XXXX Ons 0100 0111 
5 ns 0100 0111 5 ns 0101 0110 
10 ns 1001 1010 10 ns 1001 1010 
15 ns 1010 1001 15 ns 1010 1001 
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11.1 Z responds to X and to Y after 10 ns; Y responds to 11.2 See FLD p. 713 for solution. For part (b), also use 
Z after 5 ns. See FLD p. 713 for answer. the following Karnaugh map. Don’t cares come 
from the restriction in part (a). 


11.3 P and Q will oscillate. See FLD p. 713 for timing R 
chart. Hg : =: 
00 | 0 X 
11.4 See FLD p. 714 for solution. cd EN a 
11| € 1D 
11.5 See FLD p. 714 for solution. 10| 0 |G 
Q*=R+HQ 
11.6 (a) S 11.6 (b) See FLD p. 714 for solution. 
RQ 0 1 
00| 0 
A 11.7 See FLD p. 714 for solution. 
e: Ga Tu) 
11/0 0 11.8 See FLD p. 714 for solution. 
10| © 0 
Qt = RQ«SR 11.9 See FLD p. 715 for solution. 
11.10 See FLD p. 715 for solution. 
11.11 11.12 For every input/state combination with the 
condition SR = 0 holding, each circuit obeys the 
next-state equation Q* = S + R'Q. When S = R= 1, 
in (a), both outputs are 1, and in (b), the latch holds 
R its state. 
11.13 (a) | Present Next State Q* 1143(b A 


AB AB AB B Q 
00 01 11 


Q* - AB * QA * QB 


Q* = AB + Q(A + B) 


11.13 (c) A change between AB - 01 and 10 can cause Q to 
change depending on the inverter delays. 


11.13 (d) P = Q' + A'B' equals Q' in all stable states. 
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11.13() a 11.13 (e) A change between AB = 01 and 10 can cause Q to 
B Q change depending on the inverter delays. 
P = Q'(A' + B) equals Q' in all stable states. 
P 


Qt - (AB + QY(A + B) 


um ' 
11.14 (a) | Present Next State Q* Ii QUeAQURQUIO . 
(D & Thisisareset dominant latch where A’ acts a reset 


State A B (c) 


and B’ acts as a set. 


11.15 (a) Qt = (M + N + G)[Q + (M + N+ G)N'G'] 
- (M +N + G)[Q + N'G'] 
=(M+N+G)Q+ MN'G' 


11.15 (b) 


The stable states are in bold. 


11.15 (c) When G = 1, the circuit is always stable. When G = 0, M and N determine the state; N = 1 makes the state stable and 
with N = 0 the state becomes the value of M. There would be a restriction on M and N if they could cause both inputs 
to the output latch to be 1 when G = 0. This is not possible so there is no restriction. 


11.15 (d) P= Q'[N + G+ M'N'G'] = QIN+ G + MT] 
For every stable state, P — Q' so P is usable as the complement of Q.. 


11.16 (a) Q* = AB + QB 11.16 (b) | Present Next State Q* 
State AB 


11.16 (c) AB = 01 is a hold input combination, AB = 00 and 
10 are reset input combinations, and AB = 11 isa 
set input combination. This is reset dominant latch The stable states are in bold. 
where S=AandR=B'. P = Q'+ B'. In each 
stable state P = Q' even for the input combination 
AB = 10 (SR = 11) so P is usable as Q'. Allowing 
the input combination AB = 10 (SR = 11) would 
result in unreliable operation if both A and B could 
change at the same time, i.e., change to AB = 01 
(SR = 00), because the latch could end up in either 
state 0 or 1 depending upon the delays in the circuit. 
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11.17 (a) Q* = R'(S + Q) if SR=0 11.18 
(b) Q* = (G + QY(G' + D) 
(c)Q* =D 
(d) Q* = (Q + CEXCE' + D) 
(e) Q* = (J + Q(K' + Q) 
(f) Q* = (T + Q(T' + Q) 


11.19 


11.20 (b) A set-dominant FF from an S-R FF—The 
arrangement will ensure that when S = R= 1, S, = 1, 
R = 0, and Q* - 1. 


11.21 


11.22 (a) 
& (b) 
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11.23 (a) 
& (b) Clock 
Q 
(a) D 
(b) T 
11.24 
11.25 
Clock 
PreN 
T 
Q 
11.26 11.27 (a 
Clock (a) 
ClrN 
D 
Q 
Q When D = 0, then S = 0, and R = 1, so Q* = 0. 
2 When D = 1, then S = 1, and R= 0, so Q+ = 1. 
11.27 (b) R will not be ready until D goes through the 11.28 


inverter, so we must add the delay of the inverter to 
the setup time: 
Setup time = 1.5 + 1 = 2.5 ns 


Propagation delay for the DFF: 

2.5 ns (same as for the S-R flip-flop, since the 
propagation delay is measured with respect to the 
clock) 
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12.4 (a) 


Unit 12 Solutions 
Unit 12 Problem Solutions 


Consider 3 x Y= Y + Y + Y, that is, we need to add Y to itself 3 times. First, clear the accumulator before the first 
rising clock edge so that the X-register is 000000. Let the Ad pulse be 1 for 3 rising clock edges and let the Y register 
contain the desired number (y, y, y, y, y, y,) which is to be added three times. The timing diagram is on FLD p. 717. 
Note: ClrN should go to 0 and back to 1 before the first rising clock edge. Ad should be 1 before the same clock 
edge. However, it does not matter in what order, that is, Ad could go to 1 before CIrN returns to 1, or even before it 
goes to 0. 


Serial input connected to D, for left shift. 12.3 See FLD Appendix E for solution. 
Sh = 0, L = 1 causes a left shift. 
Sh = 1, L = 1 or 0 causes a right shift 


Serial Out 
4-bit Parallel In 


Parallel Out 
Shift Register 


Present Flip-Flop 
State Next State Inputs 
DCBA |D'C'E'A* |T.T.T.T 


D C BUA 


L— as 
As explained in Section 12.3, it can be seen that A changes on every 
Haec qu ted 


C changes only when both B and A = 1: T. = AB 
D changes only when A, B, and C - 1: T, - ABC 
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12.4 (b) The binary counter using D flip-flops is obtained 
by converting each T flip-flop to a D flip-flop by 
adding an XOR gate. 


See FLD p. 717 and Figure 12-15 on FLD p. 364. 


12.6 In the following state graph, the first flip-flop (C) 
takes on the required sequence 0, 0, 1, 0, 1, 1, 
(repeat). 


22) 
[ooo [xxx | 


12.7 (b) 


Tc Ty 
C C 
BA [9] 1 BA 0 4 
00 um 00 R 0 
o1| 0 | o o1 ll | o 
11, 0 0 11|0 |(D 
10 (7) 9 10/0 | 0 


Tc = C'A' + B'A' T= CB'+CBA 


At 


12.5 


Equations for C, B, and A are from Equations (12- 
2) on FLD p. 364. Beginning with (b) of Problem 
12.4 solutions, 


D* = DG CBA = D'CBA + D(CBA)' 
= D'CBA + D(C' + B' + A) 


= D'CBA + DC' + DB' + DA' 


e je 


For T flip-flop: 000 goes to 110 because T, T, T.. = 110 
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10 


11 


10 


9 1 
? 
e | 
xIx 
o|o 
B'- CB 


" 


0 
pnm 
0 


FA 


10 


0 


" 


9 1. 
* |e 
o | 
Do 


TA7- CBA*CB'*CA' 


A'- CB'« CB * B'A' 


A = CB'+CBt+CA' 


c 
9 1 
00| 0 | 0 
lai 
11 K x 
10 " 0 
C*= A* CB 
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12.8 (b) 


Sc 
C 
BA 


11 


10 


Unit 12 Solutions 


[000 |XXX | BA : o 1 BA d 9 1 BA 4 
oo) x] 0 oo] x |e T 
ja el EIS aajo 
11| 0] 1 11] 1] 0 41] 0] 4 


© 
© 
© 
© 
x< 
© 
© 
x 


e [5| 


1 

A 

Gi x 
Sr 11 X | X 11] oli a1 | x | tt | | 8 
" 18 x| x 


X | 0 10 X X 10 | 0 0 10 | 0 


Ko = B'A' Ip = C K= CA Ja =C Ką = CB+CB' 
In state 000, 
J =A'=1,K,=B'A'=1,C*=C'=1 
Js C' 1, K, CA=0, Bt=1 
J,=C=0,K,=CB'+ CB=0,A*=A=0 
So the next state is C*BtA* = 110 
R 
Rc Sp Rg Sa A 
C C C C C 
iS BA 0 1 BA 0 BA 0 1 BA 1 BA 0 1 
X 00 | ZED 00 99 X 00 " 00 | X 
9|x Oe1|X| 0 e1|h|| © 01) oR e1| X | 0 e1|0|(Q 
9 x 11| x | 0 11 | |x} | 0 ulol 1lolx ujo 
a€» 10| 01} 0 10| X | x 10| 0 | 0 10 | 0 a 10 x 0 
S= BA Rç = B'A' Sg- C R= CA 5,2 CA' Ra= CB+CBA 
Sc = CA 


In state 000, 
S. = BA' = 0, R= B'A'= 1, C*=0 


Cc 
S,=C'=1,R,=CA=0,B*=1 


S, = CA'=0, R, = C'B + C'BA =0,A+=A=0 
So the next state is C*B*A* = 010 


115 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 12 Solutions 


woo [oor | 


Too [ooo | 


ct Mc Nc 
C C C 
BA 0 1 BA 0 1 BA 0 1 
00 00 X 00 X 0 
01/0 1 => o1lo|x 01 dE 
11| 1|1 11 (LX 11 k | 
10 | x | x 10 | | x! 10 | x | x 
G* _ 
Mc = B mem 
B* Mp NB 
C C C 
BA BA 0 1 BA 0 
00 00/0] 0 98 
01/1/90 => 01 (n 0 01| |x| | x 
11/41] 0 11 M X i1|u|e 
10] X|X 10] xX | x 10 | xX | x 
+ 
B Mp = CA Np = C' 
At 
M 
C A NA 
BA C C 
BA [5 BA 0 
00 
90 | D 00 f 
01/1/90 
=> 01| |x| | x 01 2 0 


11| 11 s hix "T BE 
19| x | x 
10 | x) | x 10 "n | xJ 


At 


Ma =C NA = C+B 


12.10 See Lab Solutions for Unit 12 in this manual. 
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12.11 The flip-flops change state only when Ld or Sh = 1. So CE = Sh + Ld. Now only a 2-to-1 MUX is required to select 
the input to the D flip-flop. 


SI 
E D Q, Nj D Q, D Q i D Qi 
q> q> d 


[^ q^ 
D3 CE Dj CE Di cE | Po CE 
UD) 
CIk-e e e 


12.12 (a) When ShLd = 00, the MUX for flip-flop i selects Q, to hold its state 
When ShLd = 01, the MUX for flip-flop i selects D, to load. 
When ShLd = 10 or 11, the MUX for flip-flop i selects Q, to shift left. 


e e © Clk 


12.12 (b) Q} = Ld'Sh'Q, + LdSh'D, + ShQ,; Q; = Ld'Sh'Q, + LdSh'D, + ShQ,; Q} = Ld'Sh'Q, + LdSh'D, + ShQ, 
Qt = Ld'Sh'Q, + LdSh'D, + ShSI 


12.13 Notice that Sh overrides Ld when Sh = Ld = 1 


Clock] [1 [1 F1 F1 F1 L1 ri 
Sh 
a 
QL 
QB | E cus AG 

m pope 
QD | amc NE 


12.14 (a) Similar to problem 12.4 (a), 


12.14 (b) Similar to problem 12.4 (b), 


T, =ABCD. T. T Tp and T, D, = E ® DBCA. 
remain unchanged. D» Do D, and D, remain 
unchanged. 


ABCD 


ABCD 
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12.15 4-bit Johnson counter using J-K flip-flops: 


CLK 
Starting in 0000: 0000, 1000, 1100, 1110, 1111, 0111, 0011, 0001, (repeat) 0000, ... 


Starting in 0110: 0110, 1011, 0101, 0010, 1001, 0100, 1010, 1101, (repeat) 0110, ... 


12.16 When U = 1, D = 0, add 001. When U = 0, D = 1, subtract 1: add 111. 
When U = 0, D = 0, no change: add 000. 
U-1,D = 1, can never occur. 
So add the contents of the register to X, X, X, where X, = X, = D and 


X,=D + U. (Note: to save the OR gate, let X, = D and C, = U.) 


3-BIT ADDER Cne 0 
Yo Yı Yo X2 Xı Xo 


CD 4 ds 01 11 10 CD A ds 01 11 10 
el] TRIS] el [eta 

EE 
u| |e»|x| «B| dig 
— Us 
Da = BCD+AD' Dg = BCD+BC'+BD' 
CD 00 01 11 10 CD 00 01 11 10 
Bim. ar 

oep] s[i 


x 
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12.17 (b) See Table 12-7 (c) on FLD p. 374. 


AB AB 
CD 00 01 11 10 D 00 01 11 10 
00 | 0 0 X X 00 | 0 X X 0 
01/0 0 X X 01| © X X 0 
11| 0 | €x 11| C [Xx 
10, 0 0 X X 10, 0 X X 
Ja = BCD Jg = CD 
AB AB 
CD 00 01 11 10 D 00 01 11 10 
oo X X X 0 00| X 0 X X 
01 a X X E 01| X 0 X X 
11 x X X x 11| X| I xX | ®» 
10 X X X X 10, X 0 X X 
Ka =D Kg = CD 
12.17 (c) See Table 12-5 (c) on FLD p. 371. 
SA Sg 
AB AB 
CD 00 01 11 10 D 00 01 11 10 
00 X X 00 X X 
01 X 01 X X 
11 a] | x 11] D xX |X] 
10 X X 10 X X X 
Sa = BCD Sp = BCD 
RA Rg 
A B A B 
CD 00 01 11 10 D 00 01 11 10 
00| X X X 00 | X X X 
01| X] XT XT 01 | x X|x 
11, X X X 11 GI»|x 
10 | X X X X 10 | X X X 
-0 Rp = BCD 
RA = CD B 
Ra = AD 
Ra = B'D 


AB 
00 01 11 10 
olololxlio 
01 ATA x | 0 
11 kk | x! x | Xx 
10) X | X| Xx 
jo = AD 
AB 
00 01 11 10 
eo) X| X| X| X 
01 K x |x x 
a1 | la | a |x |x 
19|0|0]|X|X 
Ko =D 
AB 
00 01 11 10 
00 X 
01) a {7D | x 
11 x | x 
10) X |x|x |x 
Sp = A'CD 
AB 
00 01 11 10 
00 X|X|X|X 
01 Xx 
11| €I TXT 
10 X 
Rc=CD 


Unit 12 Solutions 


11 


10 


11 


10 


11 


10 


11 


10 


B 
00 01 11 10 
GESESE 
x X X | X 
x X X | X 
A 1 X | X 
Jp = 1 
B 
00 01 11 10 
EE E 
p T X 1 
p 1 X x 
x | x |x| x 
Kp- 1 
B 
00 01 11 10 
d 1 X " 
X 
X X 
(1 1 X ^ 
Sp = D' 
B 
00 01 11 10 
X 
BERR 
a 1 X x 
X X 
Rp-D 
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12.17 (d) See Table 12-4 on FLD p. 368. 


T Tg Tc To 
AB AB AB AB 
CD 00 01 11 10 C D 00 01 11 10 CD 00 01 11 10 CD 00 01 11 10 
00 X 00 x 00 X 00 ry) x 
01 X | 1) 01 X 01 ATA X 01/1 1|X|41 
11 CTD | x 11| a]11i11X]» 11 E x | Xx 11 j1 ) 1 |X| xX 
10 x | X 10 Xx 10 x | XxX 10; |1/X|xX 
TA = BCD+AD Ty = CD Tc = AD Tp =1 


12.17 (e) Use equations to find next states for unused states. 

State 1101: 

J =BCD=0,K,=D=1,A*=0 

J,=CD=0,K,=CD=0,B'=B=1 
J. =AD=0,K,=D=1,C'=0 
J,=1,K,=1, D*=D'=0 
So the next state is 0100. Other next states can be found 
in a similar way. 


Uu o 


12338 [ancplapoep |] 1218(9 D,-ABCD'-AD; 12.18 (b) J, = B'C'D', K, = D'; 
D,- BD + BC + AD’; T = AD, = Gs 
eee D= CD + BCD' + AD'; J. = BD' + AD, K, = D'; 
00011/0000 D, = D' J,=1,K,= 
0010/0001 
CUTE. WEN 12.18 (c) S, = A'B'C'D', R, = AD’; 12.18 (d) T, = B'C'D'; 
S, = AD’, R, = BC'D' or ACD; T, = BC'D' + ACD; 
0100 0011 S. = BD'C' + AD, R, = CD’, T. = CD' + BD' + AD’; 
0101/0100 S SPUR SD T= 


12:18) 
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12.19 


[ooo poc 


Unit 12 Solutions 
12.19 (a) D, = B' + AC; D, = AC + BC; D, = A'B + AB' 


12.19 (b) J, = B, K, = BC’; J, = AC, K, = AC; J, = A' + B, K, = A'B' + AB 
12.19 (c) T, = A'B' + ABC’; T, = A'BC + AB'C; T, = A'B' + A'C' + B'C' + ABC 
12.19 (d) S, = B, R, = BC’; S, = AC, R, = A'C; S, = A'B + AB', R, = A'B' + AB 


12.19 (e) State 000 goes to 100, because D,D,D. = 100. 


12.20(a) D, = AB' + AD' + BC'or 
= AB' + BD'+ BC'or 
= AB' + AC' + BD' 

D, = B'CD + AD' * AC' 

D, = C'D + CD' + A'B 


12.20(b) 


ABCD |J, K, JK, J-K- J,K 


A A B B CC. DD 


Wok 
II 


Aon Aon A AL 
| II | 
RRL Or 
+ 
> 
[vs] 


i 

XX, XX, XX 

11011 |x0, 1x. xl, Xl 
T, = A'B T BCD 12.20(d) = AH or 
A 2 
Dd „= BCD 
0010 | |000 1| 001 s = B'CD 
cde da 
CRIAM 
= 
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1221(a) D, = (B'+ C'+ D(A + B) 
D, = (B'+ C'* D'(A + DYA + C) or 
= (B'- C'+ D'((B + DY(A + C) or 
= (B'+ C'+ D'((B + CYA + D) 
(B + C D\C'+ D'(A* C + D) 
D, = (D) 


c 
I 


12.21(c) T, = (B)(A'+ DYA'* C) or 
= (B)(A'+ C\(C'+ D) or 
= (BX{A'+ D\(C + D? 
T, = (A'* DXB + D(C + D) 
or = (B+ C\(A'+ C\(C'+ D) 
T, = (B + D)(A't D) 
T,= (2) 


12.22(a) 


© 
= 


= p 


[n e 
[e] 
m 
=] 


= 
S 


© 
= 


=o 

oOi- 

ole 

el-2 
CÓCI[ojiloijiojloi-.im^im- 
^ÁÓOlIlol5|-5ljoloi|-2|-^|o 
=.ļloļleļole=eļloleļlolļ= 


0 
01 0 
1 
1 
1 


eje] 

=a EaI E=] 
o|jo|-|-Ó|o 
2Olojl-|o|-2 
oii 
Oo 


BCD + AB' 
B'CD + A'D' + A'C' 
= C'D + CD' + AB 


12.21(b) 


12.21(d) 


12.22(b) 


122 


J, = (B) 
K, = BOO) 
J, = (CD) 


K, = (A'* D(A'* C) or 
= (A'- C(C'* D) or 
= (At D(C + D) 


J.= (B+ DY(A'* D) 


K.- ©) 
J= @) 
K = (1) 


S, = (B)(D’) or 
= (B)(C’) or 
= (BXA) 

R, = (B(CXD ) 

S, = (O(DY(B) 

R, = (B)(A'* D(A'* C) or 
= (B)(A'* C(C'* D) or 
= (B)(A'* D(C + D) 

S. = (B+ D)(C)(A't D) 

R= (CW) 

Sp 

R 


= (D) 
p^ (D) 
J, = BCD 
AE IK IK IK | if 
A 
0000 | xx, xx, xx, xx i CD 
0001 K, = A+CD 
0010 jos Drap 
KD 
J,= 1 
K 1 


i] 
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LLL 220 [sco [SRR SRSA, |S = BD 
= or 
0001 0001 |xx, xx, xx, xx - AB 
0011 [0 1 1 1 0011 lox, 10, 01, O1 |Ps= BCD *AC'or 
= BCD + AD' or 
0100 lo 001 0100 |Ox, x0, Ox, 10 CD AR 
0101 |O0x, x0, 10, 01 S.= C'D + AB 
0110 |Ox, x0, x0, 10 |R,= CD 
0111 |19, 01, 01, 01 |S 2? 
R.=D 


12.23(a) D, = (A + B(B'* D(A + C) or 
= (A + B)(B'+ C)(A + D) or 
= (A + B)(B'+ D)(B'+ C) 
D, = (B'* C'+ D'(A'+ D)(B + C) or 
= (B'+ C'+ D'(A'* C)(B + D) or 
= (B'+ C'+ D'(A'* D(A C) 
D, = (A+ C+ D(C'* D'(B + C + D) 


12.23(b) J, = (B)(C)(D) 
K, = (B) 
J, = (O(D) 
K, = (C'* D(A + C) or 
= (A * DY(A * C) or 
- (C + D^(A + D) 
J. = (A + DY(B + D) 


D) K, = (D) 
J, = (1) 
K = 0) 


12.23(¢) T, = (B(C'* DYA + C) or 
= (BXA * DA * C) or 
= (B\(C + D(A + D) 
T, = (C+ D'(B + D)(A + D) or 
= (C'+ D(A+ CB + C) 
T, = (A+ DY(B + D) 
T= (D 


12.23(d) S, = (B)(C)(D) 
R, = (B)(A) or 


S, = (BCD) 

R, = (B(C'* D)(A + C) or 
= (BA + DXA + C) or 
= (B(C + D(A + D) 
= (A + D((C'(B + D) 


12.24 (a) The counter must clear on the next clock edge 
when the count is 1011 so CIrN = (Q3Q1Q0)'. 
(b) The counter must clear when the count reaches 


1100 so CIrN = (Q3Q2)'. 
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12.25 


12.27 (a) 


12.27 (c) 


| 0000 | | 10 | 0 


The transition from state 1111 to state 0000 can be 
effected using Clear, Parallel Load or increment. 
The latter gives the simplest equations. Then CIrN 
= 1, Ld = Q4'Q,, and P3P5P,P, = 1011. 


All stages toggle the same as for a binary counter 
except when the count becomes 1001, in which 
case stages Qo, Q, and Q, respond the same as 
for a binary counter, but Q4 must toggle (reset). 
Taking into account the don't cares, the equations 
become 


djjseR sd 
Jj = Ky = Qo 
Jy = Ky = QoQ: 
J3 = Q9Q1Q; 


K3 = Q9Q4Q, + QoQ3 


To create a design that can be cascaded, we need 
to add a count enable input, CE, which is ANDed 
with the above equations, and terminal count 
output, TE, such as TE = CE(Q5Q4). TE would be 
connected to CE of the next counter. 


12.26 (a) (b) There are two answers: 
(oor) Sin = Q; © Qs or 
Sin = Qo © Qs. 


(c) The state 0000 can 


only occur between states 


111 (010) 0001 and 1000. The 
resulting Karnaugh map 


for the Sin = Q2 ® Q; case 
(9) -—§ Ga) 


is shown below. 
12.26 (c) S. 
n 


(contd) 


Sin = Q2Q3' + Q0Q2'Q3 + Q1Q2'Q3 + Q0'Q1'Q3'. 


If the circuit for Sj, = Qo ® Q; is modified, then 
Sin = Q9Q3' + Q0'Q1Q3 + Qy'O5Q5 + Q,'O'Q5*. 


12.27 (b) All stages toggle the same as for a binary counter 
for counts 0011 through 1011. For count 1100 
stages 3 and 2 must reset and stage 1 must set 
while stage 0 toggles as it does it does for a binary 
counter. Taking into account the don’t cares, the 
equations become 


Jy = Ky =1 

Ji = Qo + Q2Q3 
K, = Qo 

Jy = QoQ; 

Ky = QoQ; + Q2Q3 
J3 = Q9Q1Q; 


K3 = Q9Q4Q; + Q5Q; 
K, can be further simplified to K4 = Q Q}. 
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oo [ 1 | 1 [ 1 ] 
Ra 

D 
" 
u 


Another solution for the A FF: 
S,=Bt+C' 
R4 = UABC + U'AB'C' + U'A'B + UA'C' 
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CE, = UBC + U'B'C' 


DA 


1228 (9 [unc CE, 
0000 |. | EE UA 
BC 00 01 11 10 
0101 Ox, 11 Ox, 10 11 
10 


UA 


1 

1 
ox, | 0%, 10 

1 

ENS 

1 


00 01 11 10 


1 
1 


| 0 
NEUEN 
| 0 
| | 
=a 
ofu | 

| 0 

1000 | ox,10 | Ox 10 | u | 
| 0 

1010 | 0x10 | Ox 1 | u | 
o | 10 | 

| 

| 10 

L 3S. 


10 
11 
10 
11 
10 
11 
10 
11 
10 
11 
10 
11 
10 
11 

0 


00 1 1 1 |1 00|1]|1 1 1 
O 1 1 1 1 o o0 0 0 0 
1 1 1 1 4 u1 0 0 0 0 
10 1 1 11 10 1 1 1 1 
CEc=1 Desc 
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12.29 (a) 


Present Next State Present 


State 
AB 


O, = M'N'A + MNB + MN'B' 
Og = M'B + MNB' 


12.30 Since the FFs are changing on the negative edge of the clock, the pulses must be concident with positive portions 
of the clock. Assuming the clock is symmetrical, the FFs' propagation delay must be less than half of the clock 
period. 

(a) The ring counter requires 8 stages: Qo, Q,, ..., Q7 and T; = (CIK)Q; for i = 0, 1, ..., 7. 


(b) The Johnson counter requires 4 stages: Qo, Q4, Q», Q4. The count sequence will be 0000, 1000, 1100, 1110, 
1111, 0111, 0011, 0001. Then T, = (CIkK)Q,'Q3', T, = (CI)QgQ,', T; = (CIK)Q4Q»', T3 = (CIK)Q5Qs', 
Ty = (CIk)QgQ;, T; = (CIK)Qg'Q4, To = (CIk)Q,'Q3, T; = (CIk)Q'Q3. 


(c) The binary counter requires 3 stages: Qo, Q4, Q2. The count sequence will be 000, 001, 010, 011, 100, 101, 
110, 111. Then T, = (CIK)Qs'Q,'Q,', T, = (CIK)Q,'Q;'Q5, T; = (CI)Qy'Q1Q5 , T4 = (CIK)Qg'Q1Q», 
Ty = (CIk)QgQ,'Q», T; = (CIk)QgQ,'Q», To = (CIK)Qs'Q1Q», T; = (CIk)QgQ4Q». 


Q*-UQ-*VQ 


12.31 (c) 
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12.32 (a) 


=F + OM 


12.32 (c) 


CD CD 
=11 = 10 


1233 (9 | 
ooo froo 


}oo1 ooo | 


12.33 (b) L, = B M, = GL,-A,M,-A'* C; Lo = A'B', 
(contd) M.-A' 


A A A A A A 
BC o BC 9 1 BC 9 1 BC o BC 0 BC 0 1 
90 | X ea | 0| x 00 X 00 m 1) 90 P X 90 [S 
01] x | 0 01 01 | |X| | X ei|h||e 01 " 0 @1 | |x} | X 
11 a 11 | la_|_x 11 | |1) | © 11 | |x} | x 11/0] © 11 | |x} | x 
10 klx 10| x | x 10] Ww | x 10 | (XJ d 10| x | X 10|W] x 
La =B Ma =C Lp =A Mg = A'+C Lc = AB Mc =A 
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12.34 ++ y : : 
J D', K Lg 1, K 1 


12.35 Clock | Input Accumulator | Addend 
Cycle | Data | EnIn | EnAd | LdAc E m - a Bus Description 
Po fw ftifo |i 


ee oe oe ee 
ris Popa pa po | ae [13 [at [sumo accumulator 


s |a| o| o| [a | 13 [93 finputroaddend — 7 

a Po 3 fa | o| a | o [isum to accumulator 
s |2|: |o |o |o | 4 [o [p meesMes | 
Ls o [o| [o |o | [2 [ras [sumonbus | 


Note: Register values change after the clock edge. So a value loaded from the bus appears in the register on the next 
clock cycle after the load signal and bus value are present. 
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12.36 
(a), (b) 


1 > D 
P> 


12.36 (c) Call the values beginning in the A & D registers X and Y, respectively. We want C = X + Y = (X'Y)). Invert using 
M'=1 NAND M. To invert a value on the right side, in register C or D, we will need a 1 on the left side, in register A 
or B. This can be accomplished using 1 = 0 NAND (anything.) 


There are several solutions using different registers. Here is an example: 


Clock 
Cycle | GG E, EE, Description 


| 1 foo 0 11 |1NANDA-A'- X' GA 


| 2 |01 1 10 |0NANDB-1—B 
11 1 +01 |BNANDD-1NANDY-Y—D 
4 


| 4 |10 0  01]ANANDD-X'NANDY -X*Y-—C 


Alternate three-cycle solution: 
Use X + Y= X + XY - (X' (XY))' 


Clock 
Cycle | GG E, Description 
00 0 1NANDA-A'-X'—A 
ANAND D = (XY) ^ D 


01 |ANAND D=(X'(X'Y))'=X+Y>C 


12.37 (a) For bit reversal using the D inputs of the shift 12.37 (b) Same as Figure 12-10 (b) on FLD p. 360, except 

register: Sh = 0, Ld = 1 that for the "11" input of each MUX, instead of SI, 
Q, Q,, or Q,, use Q,, Q,, Q,, or Q, respectively. 
Also, replace Sh with A and Ld with B. 
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13.2 Notice that this is a shift register. At each falling clock edge, Q, takes on the value Q, had right before the clock edge, 
Q, takes on the value Q, had right before the clock edge, and Q, takes on the value X had right before the clock edge. 
For example, if the initial state is 000 and the input sequence is X = 1100, the state sequence is = 100, 110, 011, 001, 
and the output sequence is Z = (0)0011. Z is always Q,, which does not depend on the present value of X. So it’s a 
Moore machine. See FLD p. 720 for the state graph. 


13.3 (a) A* = AK, + A'J,= A(B' + X) + A(BX' + B'X) 


Present Next State 
B* = BJ, + BK; = ABX + B (A' + X) State A*B* 
Z = AB AB X=0 X=1 
At Bt 
x X 
AB 0 1 AB 0 1 
00 0 1 00 0 0 
01 | 1 | 0 01 |1 |1 
110 1 11 | 1 | 0 1 0 
1 
nnn OM ep: 
13.3(b) X= 0.1 1.0 0 13.3(c) See FLD p. 720 for solution. 


AB- 00 00 10 11 01 11 
Z- (00 010 1 


13.4 (a) 
XQ, XQ, XQ; XQ, 

Q2 Q4 00 01 11 10 Q2 Q4 00 01 11 10 Qy Q3 00 01 11 10 Q2 Q4 00 01 11 10 
00} 0/0/]0/]0 o | 0] 0}]0]0 oo} 1|1 1]|1 00/00 | 1/|1 
01} 0/0/0/]0 01 | 1]|1 | 1]|1 01 | 1]|1 | 1]|1 001/00 | 1/|1 
11} 0]0]0]0 11|1]|1|1]|1 11/0]|0[|1. 1 1|1|1/|04]|0 
10|1]|1]|1]|1 10} 0}0]0 | 0 10 o};o];1 41 10|1|1/|0]|0 

Q;* =D, Q;* = D, Q4* - D Z 
Z depends on the input X, so this is a Mealy machine. Because there are more than 2 state variables, we cannot put 


the state table in Karnaugh Map order (i.e. 00, 01, 11, 10), but we can still read the next state and output from the 
Karnaugh map. For example, when the input is X = 1 and the state is Q,Q,Q, = 110, we can read the next state and 
output from the XQ,Q,Q, = 1110 position in the Karnaugh maps for Q^, Q}, Q/, and Z. So in this case, the next state 
is Q'Q*Q* = 101 and the output is Z = 0. The entire table can be derived from the Karnaugh maps in this manner. 
Note: We can also fill in the state table directly from the equations, without using Karnaugh maps. See FLD p. 720 
for the state table and state graph. 


13.4 (b - d) See FLD p. 721 for solutions. 
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13.5 (a) Mealy machine, because the output, Z, depends on 13.5 (b) Z 
the input X as well as the present state. XA 


13.5 (c- d) See FLD p. 721 for solutions. 


10 0 0 1 1 


Note: Not all Karnaugh map entries are needed. 
See FLD p. 721 for the state table. 


13.6 (a) After a rising clock edge, it takes 4 ns for the flip-flop outputs to change. Then the ROM will take 8 ns to respond to 
the new flip-flop outputs. The ROM outputs must be correct at the flip-flop inputs for at least the setup time of 2 ns 
before the next rising clock edge. So the minimum clock period is (4 + 8 + 2) ns = 14 ns. 


13.6 (b) The correct output sequence is 0101. See FLD p. 722 for the timing diagram. 


13.6 (c) Read the state transition table from ROM truth table. See FLD p. 722 for the state graph and table. 


Present Next State 
State Q, +Q,” 
QQ, |X=0 X=1|X=0 X=1 


13.7 (a) on = JQ 4 RU. - XQ,' T XQ;'Qi 
Q,' = JQ;' + Ky'Qy = XQ;' + XQ1Q; 
Z=X'Q,'+ XQ, 

Present Next State 
State ora. 
QQ, |X=0 X=1/X=0 X=1 


13.7(c) Z=00011 


f ines 
false false 
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ee) Q,* = 4Q,' + Ky'Qy = XQy'Qy' + X'Q, 
Q2* = )Q,' + Ky'Qy = X Q1Qy' + X'Q, 
Z= XQ; + XQ, 


Present Next State 
State Q,*Q,* 
QQ, |X=0 X=1|X=0 X=1 


13.8 (c) Z = 10110 


13.9 (a) Q,' = Dy = (X,' + X' + Q)(Q; + QJ + Q3) 13.9 (b) 
e s iol cocky [1 [L1 L1 T1 T] 
= QiQ» 


Present Next State X 
State XX 1 
1^2 


| 
| 
Q,Q, 00 dH xu 
l 
| 


13.9 (c) Z = (0)000110 


13.10(a) Q,* =D, = X1X5Qi + QQ» + X4Q» 
Qy* = Dy = ((' + X5)Q, + (X1 + X5)Q,' 


Next State 
x 1X = 
01 11 
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13.10(b 13.10 
"ewe ETL lob p] 3 > 
Z = (0)000110 

LITE 


X; l 


ooo 
ak 
al [er 
| 
elg. x 4 7 


l 
Z a 
l l | 


13.11 (a) Notice that Z depends on the input X, so this is a x x x 
Mealy machine. Q1 Q; 0 1 Q1 Q; 0 1 Q1 Q; 0 1 
Q/ =J Q; + KQ, = XQ,Q, + X'Q, oo | 0 | o o | o |} 1 o | o |} 1 
Q; = J,Q; + K'Q, = XQQ; + XQ, 
Z-Q,0X- XQ: + X'Q, 001|0 |1 001|1.]0 01|1/]0 
11|1]|0 11| 1] 0 11] 1] 0 


Present Next State 10 1 0 10 0 0 10 0 1 
State +0 + Z 

Q,°2, ET f : 
QQ, |X=0 X=1]X=0 X=1 1 Q2 


Alternate solution: Swap states S, and S.. 


13.11 (a) 
(contd) 


13.12(a) Notice that Z does not depend on either input, so xd X X 

this is a Moore machine. Q1 Q; 00 01 11 10 Q1 Q; 00 01 11 10 
Qr -XX0 + QQ, + XQ, o joloļolo 00|0|1/|1/|1 

Qj - Q X, +X) * Q, Qt * X7) 
= X Q; + X,Q) + X/Q, + X;Q, 01 | 0 | O 1 1 01 | 1 1 1 1 
2-90; 11511]|1]|1 11|1]|1]|0]|1 

Qi 

Q No0 1 10} o0}0]1/]0 10,0[|0/|0]|0 

0|0 | 1 

Q,* Q,* 
1} 0 | 0 
Z 
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13.12(a) Present Next State 
(contd) State XX, = 


QQ, 01 11 


13.12(b) 


clock| | Lf LJ LI] fi lil] 
LAN 
X) BEEN EHE EE 
Q Se 3 i i 


QUI 1 10 — | 
Z fd Correct output: Z = 1011 


Correct output: Z = (0)00110 


13.14 


Clock 
X 
Qı 
Q2 
Q3 
- i am 
false false 
Correct output: Z = 0011 
13.15 (a) 
XQi XQi XQi XQi 
Q Q4 00 01 11 10 Q Q3 00 01 11 10 Q Q4 00 01 11 10 QQ 00 01 11 10 
00 0 0 0 1 00 0 0 0 0 00 1 1 1 1 00 0 0 1 1 
01 0 0 0 1 01 1 1 1 1 01 1 1 1 1 01 0 0 1 1 
11 0 0 0 1 11 1 1 1 1 11 0 0 1 1 11 1 1 0 0 
10 1 1 1 1 10 1 1 0 0 10 0 0 1 1 10 1 1 0 0 
Di- Qf D= Q7 D3= QF Z 
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13.15 (a) Present Next State 
(contd) State QQQ 
Q Q.Q, |X=0 X-1|X-0 X=1 
S, 0 1 
Si 0 1 
S 1 0 
S, 1 0 
S, 0 1 
S, 0 1 
S. 1 0 
S, 1 0 
13.15 (b) 13.15 (c) From diagram: 0, 1, (0), 1, 0, 1 
Clock From graph: 0.1,1,0, 1 
X (they are the same, except for the false output) 
Q1 13.15 (d) Change the input on the falling edge of the clock 
Qə (assuming negligible circuit delays). 
Q3 
false | 
13.16 (a) 
XQ, XQ, XQ, XQ, 
Q2 Q4 00 01 11 10 Q2 Q3 00 01 11 10 Q2 Q3 00 01 11 10 Q2 Q3 00 01 11 10 
oo} 1]1 407) 0 00|0 |1 | 1]|1 00|0]|0  1]|1 oo} 1]1 407) 0 
01|0[|0 0/]|0 01|0]|0 |1]|1 01|01|0 1]|1 01|0]|0 |1]|1 
11|0,0/|0/,0 11|0,0/|0/,0 11|0 | 1]|1/],0 11|0]|0|1.|1 
10} 1}]1/)0 +40 10} 0}1/1 40 10|0 | 1]|1/],0 10|11/|0/,0 


Present Next State 


Stat 
ate QUO QF 


o 


e 


N 


u 


a 


S 1 0 
S 0 1 
S 1 0 
S, 0 1 
S 1 0 
S 0 1 
S 1 0 
S 0 1 


m 
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13.16 (b) 13.16 (c) 
X From diagram: 101(0)11 
From graph: 101 7.1 
Clock (they are the same, except for the false 
output) 
Qi 
13.16 (d) 
Q> Change the input on the falling edge of the 
clock (assuming negligible circuit delays). 
Q3 
—— 
false 
13.17 (a) Q4* = JQ,' + K|'Qj 0,1 0 


= XQ, + X'Qi'Q, $ XQ, F Q1Q;' 
Q2+ = JyQy' + K;'Q; 
= XQ1'Q,' x (X Q)Q; 


= XQ, 'Q)' E X'Q, pa Q1Q; 6:9 Sp) 


Z= Q1iQ; 


= (XQ»' + XQ*)Q,' + (X + QQ C 
= XQ 'Q)' d X'Qi'Q, + XQ, + QiQ;' So: 0) 
1 1 


The circuit is a Moore circuit. State 2 is 
unused. 


Present Next State 


State Q tQ + 
1 <2 


13.17 (b) oo 


13.17 (c) Z = (0)01101 


13.18 Clock Cycle Information Gathered Present Next State 
State Q.*Q.* 
1 Q,Q, = 00, X=0>Z=1,Q'Q'=01 1 Q 

2 Q Q, =01,X=0=Z=0;X=1=Z=1, QQ; =11 eee eS Se 


1 <2 


[—3- 3 
Le 
| 59 an 
| 6  [QQ,-10x- 
[9 2] 


5 00, X=1=Z=0, QQ} = 10 
10,X=1=>(Z=0); X-0—(Z-1,Q;:Q;- 11 


„=11,X=0=(Z=0;X=1=(Z=1), QQ: = 01 


7 


Q,Q 
| 8 1 Q.Q,= 01, X=1> (Z=1); X=0 > (Z=0), Q:Q: = 00 
| 9  jQ09,-0.x-0—(-1) 

Note: Information inside parentheses was already obtained in a previous 
clock cycle. 
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13.19 Clock Cycle Information Gathered Present Next State 
S tO 
00, X 20— Z-0, Q'Q' - 10 bid Q:Q; 


| .1 99,0 ; 

| 2 [QQ = 10, X=0 2 =1;X=15Z=0,Q'Q%=01 QQ, |x=0 X=1]X=0 X=1 
|| 3 | QQ, = 01, X=1>Z=0; X 20—Z71,Q:Q: - 10 

| 4 — [99 -1.X-0- Z=), Q9; - 11 


QO =11,X=0 =Z=0, 00 M 
QQ,-11,X20—(Z20; X=1=Z=1, QQ} =01 


7 Q Q, = 01, X=1= (Z=0), Q*Q} = 00 
| 8 |QQ=0,x=1=Z=1, QQ; =u 
| 9 [@Q@=nx=1= Z=) 


Note: Information inside parentheses was already obtained in a previous 
clock cycle. 


13.20 Clock Cycle Information Gathered 
QQ 0K = WAZ, = 10, Q9; =01 


Note: When Q,Q, = 01, the outputs Z,Z, vary depending on the inputs X,X,, so this is a 
Mealy machine. 


13.21 


? indicates next state or output values that cannot be determined from the timing chart 
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1322(a) Q,* = D, = X'Q, + XQ,'Q, 
Q;' = Dy = XQ; + XQ,'Q;' 

Z = XQ» + XQ1'Qy' + XQ1Q;' 


Present Next State 
State Duo 
QQ, |X=0 X=1|X=0 X=1 


132200 Clock 


X 
Qı 
13.22(c) Z= 11101 Q 


13.23 (a 1 
9 a [—L 


false 
Correct output: Z Z, = 10, 10, 00, 01 


01 


11|11 10 
11 | 00 
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13.24 Transition table using a straight binary state 


assignment: 


Next State 
QUO. 
QQQ, |X=0 X-1|X-0 X=1 


Present 
State 


13.25 (a) 


10ns  15ns  20ns 


5ns 25ns 30ns 


Clock | 


X 


A 
cS RENS 
hp - | 


13.26 


Clock 


x| i| 


Qı 
Q» 
Q; 


Z 


35ns 
ridin 


| 
EN | 

| 
Correct output: Z = 0, 0, 1, 0, 0, 1 


All flip-flop inputs are stable for more than the setup 
time before each falling clock edge. So the circuit is 
operating properly. 


13.25(b) If X is changed early enough: 

Minimum clock period — Flip-flop propagation 

delay * Two NAND-gate delays * Setup time 
=4+(3+3)+2=12ns 

X can change as late as 8 ns (two NAND-gate 

delays plus the setup time) before the next falling 


edge without causing improper operation. 


Correct output: Z=10101 


Deriving the State Table: 
JK flip-flop equation: 
Q*=JQ' + KQ 
^ At = (X'C + XC) A' + X'A 
[As, J, = X'C + XC', K, =X, Q =A] 
= A'X'C + A'XC' + X'A 
Similarly, B* = XC' + XA + X'A'C 
C* =0''* C + (XB'A)* C' = C + XB'A 
Z = XB + X'C' + X'B'A 
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From the Karnaugh maps, we can get the state table 


13.26 
(contd) 
At 
XA 
BC 00 01 11 10 
00 0 1 0 1 
01 1 1 0 0 
11 1 1 0 0 
10 0 1 0 1 
that follows: 
Present 
State 
S, 
S, 
S 
S 
S, 
S; 
S, 
S, 
13.27 Present 
(contd) State 


AB 


11 
10 


B* 
XA 
BC 00 01 11 10 
00 0 0 1 1 
01 1 0 1 0 
11 1 0 1 0 
10 0 0 1 1 


Next State 
A*B'C* 


X=0 X=1/X=0 X-1 


01 | 01 
00 | 10 


COorFR FPF OrFR CO FB 
e e Oo OFF oO CO 


X,X,= 
00 01 10 


11 
01 


00 | 11 
00 | 01 


Unit 13 Solutions 


Gs Z 
XA XA 
BC 00 01 11 10 BC 00 01 11 10 
00 0 0 1 0 00 1 1 0 0 
01 1 1 1 1 01 0 1 0 0 
11 1 1 1 1 11 0 0 1 1 
10 0 0 0 0 10 1 1 1 1 
1327  R-X,(X| +B) 
S = X} (X! + B) 
A* = AI(X,) (X; + BI + X; (X; + B) 
= A(X} + XB) + XIX! + X'B' 
At = AX! + AX B' + XIX! + XIB' 
T = X'BA + X;B'A' 
Bt = BT' + BT 
= B(X'BA + X;B'A' B' (X/BA + X/B'A/ 
= B[(X/BA)' (X/B'A)] + X'B'A' 
= B[(X,+ B' + A) (X, + B + A)] + X;BA' 
= (BX, + BA) (X, + B + A) + X/B'A' 
= BX, + BX, + BX A + BA'X,+ BA' + X/B'A' 
- X,B(1* 1* A * A) * A' (B + XB) 
- X,B * A'B * Xia’ 
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Unit 14 Problem Solutions 


Typical input and output sequences: The state meanings are given in the following table: 


X= 0100000101011.. 
Z= (0)0000000111... (output remains 1) 
X= 111110111111000101.. à - 

Z= (0)000000000000111111... (output remains 1) 
X= 010101.. 
Z= (0000111.. (output remains 1) 


See FLD p. 723 for state graph. 


Typical input and output sequence: 


X=001010110010100... 
Z,=000101000000000... (output remains 0 after 100 received) 
Z,=000000000100001... (at this point, the sequence 01 has occurred, so Z, = 0 from now on) 


The graph needs two distinct parts. The first checks for 010 and 100. If 100 is received, we proceed to the second 
part of the graph, which checks only for 100. The two parts are joined by a one-way arc, so once in the second part it 
is impossible to go back to the first. 

See FLD p. 723 for state table and graph. 


The state meanings are given in the following table: 


Last input was 0, 100 has occurred at least once 


re Last input was 1, 100 has occurred at least once 
Last input was10, 100 has occurred at least once 


Last input was 10, 100 has never occurred 
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Unit 14 Solutions 


14.6 This should be solved in the same way as Example 3 on FLD p. 443. Assign a state to each possible input (00, 01, 11, 
10) with an output of 0, and another state to each input with an output of 1. This gives eight states. 
See FLD p. 724 for the state table. 


Each input takes you to the state defined by that input (e.g. an input of 01 takes you to either S, or S,). The only thing 
in question is whether the output is 0 or 1. Determine the output by checking whether the last two inputs correspond 
to the three input sequences. 


Alternate Solution: Notice that when Z = 0, “causes the output to become 0” is the same as remaining constant, and 
“causes the output to become 1” is the same as toggling the output. The situation is similar when Z = 1. So we can 
use only four states, as follows: 


Meaning 
Z- 0 and last input was either 00 or 01 
Z = 0 and last input was either 10 or 11 


i 
Z = 1 and last input was either 00 or 11 
Z = 1 and last input was either 01 or 10 


Note: The state table with 8 states reduces to this 4-state table using methods in Unit 15. 


00,01 10,11 10,11 


00,11 01,10 


11 


Mar) Teka stand ub Gene 
X200100110001101001.. Number of 1's is divisible by three 
Z=11000011110001110 .. Number of 1's is one more than divisible by 3 

Number of 1's is two more than divisible by 3 


See FLD p. 724 for state graph. 


14.7 (b) Typical input and output sequence: 


X=000011110001101111... 
Z=010100100000010010... 


See FLD p. 724 for state graph. 
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Unit 14 Solutions 


14.7 (b) 
om 


S, 


Ca 


14.8 (a) Typical input and output sequence: 


X,-1001001110.. 
X,=1000110011.. 
Z,= 0001001010... 


Z,= 07100100001... 
“Regardless of any value of N. 


See FLD p. 724 for state table. 


Previous input was 00 


Previous input was 01 
Previous input was 10 
Previous input was 11 


14.8 (b) Similar to part (a), but we need a separate state for each 
possible output and previous input. S 


See FLD p. 725 for state table. 


Ls, [Previous input was 107 current ouput s 700 | 


3 
S, 


k PORRO 
Previous output bit was 0 % Ge Cc» 0 
Previous output bit was 1 


% 
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Unit 14 Solutions 


14.9 (b) 


1 
(EK TED 


14.9 (c) A false output occurs in NRZI just before the input 14.9 (d) Notice that the Moore output is delayed to the next 
NRZ goes from 1 to 0. clock cycle. 


See FLD p. 725 for state table. 


14.10 See FLD p. 725 for solution. 14.11 See FLD p. 726 for state graph. 


Button pressed. First full clock cycle with 
Z-]. 


r 
| 


Third full clock cycle with Z = 
Fourth full clock cycle with Z = 1 
X has not yet returned to 0. 


14.12 (a) 14.12 (b) 


Next State 
State x= 0 X= 1 


Sequence ending in 100 
| D | Sequence ending in 1001 
Sequence ending in 000 


14.13 (a) 


Next State State 
State |y=Q x=1 Z Meaning 


1st 2 bits were 0- 
1st 2 bits were 10 


14.13 (c) The ‘Mealy’ circuit of Part (a) is such a Moore 
circuit. This is possible since the output does not 
depend upon the fourth (least significant) bit. 
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14.14 (a) 


Next State Z State 
State |x=0 x-21| x=0 x=1 Meaning 


1 | 2 | 0 f 0 | Previous 3 bits were -00 | 


[3 [a | o | o [Previous 3 bis were 001 | 
[1 f 5 | o | o [Previous 3 bits were oo | 
e | 7 | o | o [Previous 3 bis were O11 
Ce [7 | i E [Previous 3 bis were 111 | 


14.14 (c) The ‘Mealy’ circuit of Part (a) is such a Moore 
circuit. This is possible since the output does not 
depend upon the fourth (least significant) bit. 


14.15 (a) 


aae ea aeaa] ig 
State |x=0 x-21| x=0 x=1 Meaning 

[0 [inital Sete — | 
To [istbicwas- 
EN 
EN 


Ist 2 bits were -0 
Ist 2 bits were -1 
Lo | 1st 3 bits were -00 


14.15 (c) It is not possible in this case since the output does 
depend upon the fourth (most significant) bit. 


14.16 (a) 


Next State Z State 
State |x=0 x-21| x=0 x=1 Meaning 


afa [zs [9 [meos bits were-00 | 


2 [e [2 [0 [i [Previous 3 bits were 1 | 
3 fa ] 2 [o Tac [Previous 3 bits were 10 | 


14.16 (c) It is not possible in this case since the output does 
depend upon the fourth (most significant) bit. 
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HNEF CEN 
Z Meaning 
| 0 | Previous 4 bits: -000, 0-00 | 
| O [Previous 4 bits:-001 | 
| O [Previous 4 bits: 0010 | 
| 0 [Previous 4 bits: 0011 | 
| 0 [Previous 4 bits: 0101 | 
| O [Previous 4 bits: 0110 | 
| O [Previous 4 bits: 0111 | 
KT its: 
EN its: 
EN its: 
Ee its: 
Ea its: 


14.14 (b) 


Next State 
x=0 
2 
4 
ES 


1 


State 


x=1 
EE 
EX 
[ae 
| 8 | 9 
ies al 
[s [5] 


Note: A more obvious solution uses 16 states; it 
can be reduced to the 13 states above using the 
method described in Section 15.1. 


7 
1 
1 
10 li 
11 1 
12 1 


1 


Ww 


Em 
EX 
E 
EN 
| 10 | 
Ea 
| 12 | 
EN 


14.15 (b) 


Meaning 


State 
Meaning 


Next State 
x=1 


Previous 4 bits were --00 


Previous 4 bits were -001 


Previous 4 bits were --10 


Previous 4 bits were --11 
or -101 (invalid digit) 
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Unit 14 Solutions 
14.17 (a) 14.17 (b) 


Next State Z State 
State |y=Q x Meaning 


Next State 
State | x - Q 


1| x=0 x=1 
Filz [35 |o [mase — 
Pepa [5 [0 [9 [ssitaso — ——] 
Pats fs | o L9 [istis : — —] 
[4 | 7 | 8 | 0 | 0 [ist2bitswereoo | 


Pio 3 pup [pesssweene — 


Ls [s | o | o | 9 [asta bits wereororio | 
Le [i [7 [0 [9 [isa bits werett — 7 
Peta 3 a pe eseweesn — 
Ls [3 | a | o [o [isi bits were 01- or - | 
Dea a au Piss bits were 10 


14.17 (c) It is not possible because the output depends on the 
value of the fourth bit, e.g., see state 8 in Part (a). 


14.18 (a) 14.18 (b) 


fom [tore esea nme | fom [eos] |e 
State |x -0 yx=1] x=0 x=1 Meaning State |x-Q0 x=1 Z Meaning 

Ca [e | a | i [0 Previous 3 bits were 001 | 

[o [o [Previous 3bitswereoi0 | | 3 | 5 | 6 | 1 | Previous. bits were 0010 | 

Ca [7 | e | o [Previous 4 bits were-o11 | 

[s [o [10 [ 9 | Previous + bits were 100 | 

Ls [ar | a | o [Previous 4 bits were 0101 | 

L7 | s [i | o [Previous atis were 0110 | 

Ce s [14 | o [Previous abits were 0111 | 

o 3 [2 | o [Previous a bts were 1000 | 

Pio [3 | a | o [Previous 4 bits were 1001 | 

Lu | 5 | e | o [Previous 4 bits were 1016 | 

14.18 (c) It is not possible because the output depends on the 

value of the fourth bit, e.g., see state 2 in Part (a). 


N 


Previous 3 bits were 101 
Previous 3 bits were 110 


Previous 3 bits were 111 
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Unit 14 Solutions 
14.19 (a) 14.19 (b) 


Z State Next State State 
x=0 x=1 Meaning State | x 2 Q Meaning 
Initial State Initial State, Valid digit 


i 
EE 
a [o ft [it biswen ori | 
Initial State, Invalid digit 


ofo] 
EAER 
o|o] 
|0 | o [is2biswere00 | 
| NEUE 
ofo] 
| 1 | o | 
EN 


14.19 (c) It is not possible because the output depends on the 
value of the fourth bit, e.g., see state 7 in Part (a). 


14.20 (a) 


Next State State 
State | x 2 Q Z Meaning 
Previous 3 bits were -00 1 Previous 4 bits:1100 
Previous 3 bits were 001 
Previous 3 bits were 010 


Fur 
ba 
EA 
EE 


3 Previous 4 bits: -010 


Previous 3 bits were 101 


Previous 3 bits were 110 
7 Previous 4 bits: -000, 0-00 
14.20 (c) It is not possible because the output depends on the 8| Previous 4 bits: -111 


value of the most significant (fourth) bit. 


4| ol 
ENS 
4| ol 
5| o| 


EE 
WEN 


14.21 Plot 0’s horizontally. Plot 1’s vertically. Receiving 
a 0 takes us one state to the right. Receiving a 1 
takes us one state down. The output is a 1 only in 
the “three 0’s or more, one 1 or more" state: 
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Unit 14 Solutions 


14.22 * When this point in the graph is reached, 
011 has been received, and we are only 
looking for 011 to occur again. 

Next State 
State | X -0 X-21| X 
(No sequence) / 011 has occurred S, ONE 
Previous input was 0 / 011 has occurred S, S, 
Previous input was 01 / 011 has occurred S, S; 
, | Previous input was 1 / 011 has not occurred S, 5 
Previous input was 10 / 011 has not occurred S, 5, 
14.23 


Next State 
- 00 01 10 11 


Meaning 


Ca 


Vi 
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Unit 14 Solutions 


14.24 (a) We need four states to describe the 
1’s received, as there are four possible 
remainders when dividing by four. An 
input of | takes us to the next state in 
cyclic fashion. An input of zero leaves 
us in the same state. 


% 


Remainder: 0 


14.24 (b) Now, expand the state graph into two dimensions: one for 1’s and the other for 0’s. We need two states to describe 
the zeros, odd and even. 


Left column: odd zeros 
Right column: even zeros 


First row: Remainder = 0 
Second row: Remainder = 1 
Third row: Remainder = 2 
Fourth row: Remainder = 3 


As part (a) 


% 


14.25 (a) We need four states, one for each of the possible past inputs. The next state is just the one that describes that input. 
The output Z, is formed by adding the value of the present state to the present input. Z, is found in a similar way: 


Next State ZZ, Meaning 
State 100 01 10 11 | 00 01 10 11 Previous input was 00 (0) 


S, S, S, S, | 00 00 00 10 Previous input was 01 (1) 


S, S, S, S, | 00 00 10 11 Previous input was 10 (2) 
S, S, S, S, | 00 10 11 11 Previous input was 11 (3) 
S, S, S, S, | 10 11 11 11 


14.25 (b) The Moore version is less intuitive. Again, we need Previous XX 
a state for each past input. We do not, however, need 
a state for every possible output (this would give 4 x — 
4 = 16 states) since some outputs never occur. For 
instance, if the last input was zero, Z, can never be 1, 


because anything multiplied by zero is zero. In fact, 
only ten states are needed: 


Note: The output can never be 01. If two integers 
between 0 and 3 multiply to a number greater than 2, 
their sum is also greater than 2, i.e. (Z, = 1) = (Z, = 1) 
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Unit 14 Solutions 


14.26 There are two identical parts: one with an output of 
0 and one with an output of 1. 


Previous input was 0 


Previous inputs were 01 
Previous input was 1 / Reset (S,) 


14.27 There are two identical parts: one with an output of 0 and one 1 
with an output of 1. 


14.28 This is another problem similar to 14.10. Plot the 
number of 0’s horizontally and the number of pairs 
vertically: 


no 0's one zero two Zeros three zeros four zeros 


no pairs 


one pair 


two pairs 
R 
p 3 A i, % E 
to So 
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Unit 14 Solutions 


e 
m. 


14.28 Present Next State ZZ, 
(contd) | pairs | s | State | 00 01 10 11 | 00 01 10 11 


- 

^r 
Sa) 
Ca 
Ca 
Ca 


Note: There is a seven-state solution. 


S 


e 
> 
Ca 
iD 
ALN 
jut 
ALn Ln 
v 
> 


QC [Ca |. CA 


DN 

Is 
CA 

I 
7a] 

|I 
NTN 

S 


14.29 0’s are plotted horizontally. 1’s are plotted 
vertically. 


even 1's 


ZZ, 
X=0 X=1 
j 00 00 
00 00 
00 10 
00 01 


, | 9 o | 
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Unit 14 Solutions 


14.31 XX, 

S, S, S, 5, EN Previous input was 01, Z = 0 
S, S, S, 5, EN Previous input was 10, Z = 0 
seS ESO Z = 1 (Until input 00) 


14.32 Example: X=001100110101 
Z=001110111101 
Note: Overlapping sequences are allowed. 


Meaning 
EH No sequence 


S, 
s] — ] 
se ] 


14.33 Next State 
State | X0 X-11Z 


Meaning 
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14.34 


14.35 


14.36 (a) 


To delay by two clock periods, we need to 
remember the previous two inputs. So we have 
four states, one for each combination of two inputs: 


Next State 
a a ee vod 


Meaning 


Note: Just go to the state that represents the last 
two inputs. 


This is the same as 14.34, except that we need to 


remember the last three inputs. So we have eight 
states: 


Next State Z 
State 0 X=1 |X=0 X=1 


nln 
N 

NIN 
JU 


ea) 
ea) 


> 
it 


ALN 
N io I» 
ALN 


lv ur > uo Io I- 
ea) 
WY 
~ 


Ca 
ea) 


> 


Sa) 
Ca 
ida] 


Note: The state number expressed in binary gives 
the last 3 inputs. 


mE Note: The state 
Sae [x20 xe-ilz number expressed in 
| & .] binary gives the last 
3 inputs. 
i 
i 
; 
1 
3. 
4 


S 
> sS 
S 
S 

| SS | 
> sS 
S; 
S, 


AIM LM RAE E A] 


s| SS, | 


Ca 
Ca 


6 6 
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14.36 (b) 16 states are required since the last four inputs must 
be remembered. 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 14 Solutions 
14.37 


14.38 


Meaning 


Two bits received; Borrow-in = 1 


Two bits received; Borrow-in = 0 
Three bits received; Borrow-in = 1 


Three bits received; Borrow-in = 0 
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14.39 


14.40 


Unit 14 Solutions 


This is similar to 14-15, and should be answered in 
the same way. See the solution to 14-15 for more 
information. 


Horizontally: Number of 1’s modulo 3 
Vertically: Number of 0’s modulo 3. 


Next State 


State |x¥=0 X=1 


>e fw 
WY 
lm fe 
Qu) — 9-834 c 
egee) - 
m 


|ui 
io 


[oo 
io 


iz ~x 
ALNALnALnA] nn] n 
iJ jw 


ea) 
io 
œ 


S S S 


m 
KI 
EE 
IE e: 
Ls s s [00 | 
CN NE: 
[s 
Cs s s [o0| 


8 0 0 


This problem is essentially a circular counting 
exercise. Pairs of 1’s take you further around the 
state graph. Pairs can overlap, so if the last input vou 

was a 1, and the present input is a 1, you move on. eU e 1's take you 
If the sequence is interrupted, you branch off while É ^, around 
you wait for the next 1. Then, you go back to the 
cycle of counting. 


Next State 
State | X-0 X=1 
0 


0 1 


YZ " 


NUTINI 
el IC 
> IN 
-2|2jojlols5|[z- 


Interruption to 
the flow of 1's 


on oi 
> a 


s 
s 
s 
s 
s 
S, S 


VN 
S 
I 


ea) 
ea) 
ea) 
m. 


vd Z 6 


157 


€ 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 14 Solutions 


14.44 We notice that input ABXX becomes output AABB. 
It can be seen that it is not necessary to remember 
both A and B at once. We remember A for the first 
two clocks and B for the next two. Notice that if 
the output were, say, ABAB, we could not do this. 


[ss [pco — 


14.42 This problem is simply addition. We need a state to describe every possible sum of money entered, i.e., 0€ to 45€ in 
5€ intervals. 


Just go to the state with the correct sum. The 25€ state dispenses the product (R = 1) and resets. States above this in 
value cascade down to S, by giving out a nickel. When they get to S., the product is dispensed. 


Present NDQ 
$ | State |000 100 010 001| RC 
[.00| S, | 5, 5 S, S, 100] 
S 


S 


m 
oOo 


a 

E) I 
ea) 
N 
w 
lov 


m. 
ul 

ial 

2 

ALN 
ko ^J 
ALN 
I fo 
NUTUTI 
in 
ALN 
lo N 


ea) 
1 
1 
1 


is 


Ww 
oO 


W 
Sg] 
= 
m. 


N 
© 
- 
m 
N 
m 
CA 
o 
in 
ia] 
ko 
on a) 


ico NI 2 ut 


=] 
© 
m. 


~ a ut 
1 1 1 1 
[ L 1 I 
1 1 1 l 


uo 
ea) 
© 
= 


Ko 
[oo 
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Unit 14 Solutions 


14.43 (a) Look at Figure 14-19, FLD p. 445, to see that 
Manchester 01 gives NRZ 00 


0 
Manchester 10 gives NRZ 11 e Oo 


0 
Other Manchester inputs are presumed not to occur. ^ 


Next State Z 
State | X0 X-1|X-0 X=1 
S 


NC 
Nn 


AJ 


14.43 (b) This is the same as the Mealy, except that we need 1 
two reset states, one with an output of zero, the o9 (2) 


other with an output of 1. Invalid inputs never 
occur. 


Next State 
State | X-0 X=1 o o6 
0 


14.43 


(6, (d) CLOCK2 il E li i li fi] E il i 


I I I I I I [| I I 
Manchester le te n i-i ids i loa TENE i oal 
I I [| I I I I I I I [| [| I I I I 
wzoed) | [ T i ttt ft Lo. 
I [| [| [| [| [| [| I I [| [| I I I I 
woe) ! | PINT NET AA tt Ll. 
I I I [| [| [| 


false outputs 
Note: Moore output is delayed one clock cycle of CLOCK2. 
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Unit 14 Solutions 


14.44 
Se. 


| S, | One ring, waiting for two (or answer) 


S, s p 9, | One, two, or three rings, respectively; 
waiting for four (or answer) 
S, Activate answering machine; wait for 
it to answer 


14.45 Present Next State ZZ, 
State |00 01 10 11 [00 O1 10 11 


S, S, S, S, | 01 10 01 01 


S, S, S, S, | 00 11 00 00 
S, S, S, S, | 00 00 00 00 


14.46 In state So there is no specification for X,X,'. This 
can be corrected by adding an arc for X,X,' or 
changing X, X, to X, or changing X,' X;' to X,'. 


In state S, there is a conflict for X, X». This can be 
corrected by changing X, to X,X,' or changing X, 
to X4'X,. 
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Unit 15 Solutions 
Unit 15 Problem Solutions 


15.1 (a) Implication chart after one pass: Complete implication chart 


25 


A B C D E F G 


Reduced state table: 15.1(b) B = C because F = H, (and also because C = D) 

F = H because B = H, (and also because F # G), and 
B = H because the output differs for X = 0. 

So use the sequence X - 100. 


Starting | Z: 0 1 0 


inB: |State:(B) F B 


1 
inG: |State:(G) H H 


So A (B, 100) = 010 #011 =2,(G, 100), and B = G. 


o : (Alternative: A,(B, 110) = 001 #000 = à (G, 110). 
h z f Also, à (B, 00101) = à (G, 00101), but this requires 
d=g=i an X of length 5. 


See FLD p. 727 for 
reduced state table. 


E 
PEIX 
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Unit 15 Solutions 


15.3 S 15.3 (a) a= Sy S. 
° bas, 
3 c = Sy S, 
S =a Since S, and S, do not have corresponding states, 
S, s =b the circuits are not equivalent. 
1 
S,=C 15.3 (b) Starting from S, it is not possible to reach S, or S, 
S, S =q So then the circuits would perform the same. 
=C 
6 
S S, and S, have no 
4 H 
equivalent states. 
S; 
S, 
15.4 (a) X, X, 15.4 (b) X, X, X, X, 
X3 Q 00 01 11 10 X3 Q 00 01 11 10 X3Q 00 01 11 10 
00 | 0 |W] 0 n oo | X|0  X|0 00 | 0 W 0 W 
01 |0 [€D] 0 o [Dl olo | 01/0 X|X.0 
i11D|oj|oj|ajy 1|0|/GCTD|0 11|X|0 0,X 
10 | 0 m 0 n 10 X10 0 0 10 | 0 M 0 M 
D = X3'X3Q + X, XjQ' + XX//'Q' + X2X3'Q R = X5X3Q + X'X4'Q S = X1 'X2Q' + Xxy'Q' 
Z=Q Z=Q 


15.5 (a) The first row may be all 0’s, because if a column has a | in the first row, we can invert it so that it has a 0 in the first 
row without changing the number of gates. No column should be all 0’s, because that is the same as the two flip- 
flop case. There are only 3 columns which fit these criteria: 001, 010, and 011. No column may be used twice, 
because again that is the same as the two flip-flop case. So we need only check one assignment (which consists of the 
three columns in any order) to see whether a three flip-flop solution is better than a two flip-flop solution. One such 
assignment is: 


0 0 0 
0 1 1 
1 0 1 


15.5 (b) Excluding 0000, there are 7 possible columns. All possible non-repeating combinations are given below. Those with 
repeating rows are crossed out; 29 assignments remain to try. 
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15.5 (b) 
(contd) 


000 
001 
011 
111 
(137) 
000 
001 
111 
010 
(23 6) 
000 
011 
101 
100 
(34 6) 


14 


001 
111 
011 


(23 7) 
0 
1/1 

181 
0 

34 


000 
001 
010 
100 

(12 4) 


000 
011 
001 
100 
(14 6) 
000 
011 
100 
001 
(245) 
000 
011 
101 
110 
(34 6) 


15.6 (a) Group (S, S, Sẹ S,) and (S,, S, S, S,). 


One possible assignment: 


S, = 000 
S, = 100 
S = 101 
S, - 001 


$i 
S,= 011 
S, - 010 
S, = 110 


15.6 (b) I: (S, S)" (S,, SAM (S,, $)Y (S., $)Y 
Ik (S, SV (Sp S) (S, S) (S, S)Y (S, S) 

(S, $) (S, S) (S, S) 

Adjacencies that are satisfied are checked (v^) 


One possible assignment: 


S,=000 S,=101 

$,-010 $,=110 

S,=011 S,=001 

S,-111 s,=100 
XA 

BC 00 01 11 10 
00 | 0 | o aL) 
0 |€ TD} WwW] 0 
11} 0/0 ]0]0 
10 | 0 Cp] 


Dg = X'B'C + ABC’ + XC' + XAB' 


Unit 15 Solutions 


000 000 000 000 000 000 
001 001 001 001 001 001 
010 011 011 010 010 011 
101 100 101 110 1.1-1 110 
(125 (126) (127) (134) (35 (136) 
000 000 000 0 000 000 
011 011 011 ONL/1 001 001 
001 001 001 0K1 110 110 
101 110 111 0 010 011 
(147) (156) (157) fe (234) (235) 
0 000 000 0 000 000 
01/1 011 011 1/1 011 011 
101 101 101 1981 111 100 
0/0 001 010 0/1 001 101 
46 (247)  Q56) 5 (267) (845) 
000 000 000 000 000 000 
011 011 11 1 1141 111 111 
101 111 001 001 011 011 
111 101 010 011 001 101 
(357) (67) (4569 (457 (467) (567) 
A A 
BC 0 1 BC 0 1 
00 | Sy | S2 00 a 
01 | S4 | S3 01 h| 
11 | Sg | Ss 11 h| 
10 | S7 | Sg 10 1 
Z=A 
A XA 
BC 0 1 BC 00 01 11 10 
00 | Si | Sg RÀ n 0 ai 
01 | S7 | S5 o1 la 0 0 " 
11 | S3 | S4 11 | 0 0 0 1 
10 | S2 | Sg 10 0 (^ 0 a 
Dy = A'B' + X'AC' + XA' 
XA 
BC 00 01 11 10 
o [CHUTRTS 
ololo lo 
11|}@ TD} 0} 0 
S. 010 011 


Dg = B'C' + X'BC + XAB' + X'AC' 
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Unit 15 Solutions 


15.7 (a) Guidelines: 15.7 (b) See FLD p. 728 for solution. 
1. (A, D, F) (C, E) (A, D) (C, E) (B, F) 
2. (E, D)x2 (D, B) (A, C)x2 (B, F) 
3. (A, B, D, F) (C, E) 
See FLD p. 728 for one good solution. 


15.8 (a) Guidelines: Q A 
1. (B, D)x2 (C, D)*2 (A, B) QW 0 10 1 QN 0 1 
3. (A, B)x2 (B, D)x2 (C, D)x2 


1| B D 1| B | C 1| C B 
Satisfies all (B, D) not (C, D) not 


Best assignment: A = 00, B = 01, C = 10, D = 11 


adjacencies satisfied satisfied 
15.8 (b) QQ QQ% QQ 
X, X, oo 01 11 10 XX, 00 01 11 10 XX, 00 01 11 10 
00]0]|0 0]|1 000 |1]|1]|0 00|0|0/|0]0 
01]1|0 0/0 010 |1]|1]|0 01|/0|0|0]|0 


11,0 |1|1,|1 11/1]|11|0.0 ujoj] o 
10; 1}1)0) 0 10/1]|11|0.0 wlolu la o 


p 
Qı Qj Zi = QX; 

Q1 Q2 Q1 Q2 Q1 Q2 
X, X, 00 01 11 10 X, X, 00 01 11 10 X, X; 00 01 11 10 
o ojo|mijo 00|]0|]0/|0]|0 o o[o[|g B 
atol o Wla aoloļloļlolo a}|ojoll In 
| o | A} o fo | Ay} o | Ay] o 1|0|0/|0]|H1 | 
laiuiili 1 [ulolulo 10|0]|0]0 " 
T; = X;Xq' + Q1QjX,' + Ty = Q/Q)X, + Q1QXy Zy = Q1Qy' + QU 


Q,'Q5X, + Q2'X1'X2 


15.9 See FLD p. 728 for solution using Q,, Q,, and Q,. 
Alternate solution using Q,, Q, and Q;: 
D, a X'Q, Li XY, 
D, » XQ, b TO. * X'Q, 
D, = YQ, + X'Y'Q, 
P = XQ, + Y'Q, + XQ, 
S = X'Q, + XY'Q, 
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a 


m nmm 
ion M 
o mga 


15.11 (a) 


xX 
" 


D«q 


x 
ROX 
PS 


RN 


X 
PA EA 
LI 
"p 


PS 
PX 


XIX 


ZO 


— 


S4 = S12 87 = 815. 

Input Present Next State Output 
| -000 | s || s | 0 | 
[001 | s | $ | $ | 0 | 
| -o10 | $ | ss | S | 0 | 


rao] s s [ s [0 | 
ei see ep 
Pio | s [5 |S, | 
Pho s [5 | 5 
"ue ssl Do 
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Unit 15 Solutions 


Next State Output 
State |X-0 X-1| X-0X-1 


15.10 (b) Input: 00 
Output starting in state c: 
01 (state c2» state a> state a) 
Output starting in state d: 
00 (state d-J» state d® state d) 


15.11 (b) Input: 000 
Output starting in state a: 
001 (state a® state e-> state g® state e) 
Output starting in state b: 
000 (state b-2» state d-2» state b-2» state d) 


15.12 (b) New Equivalent States: S4 = S5, Sg = S43- 
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Unit 15 Solutions 


S14 


= Sg and S6 = 


15.12 (d) S, 


Output Z 


Next State 


Output Z 


o 
S 
iss] 
x 
n 
= 
x 
9 
z 


15.13 (a) Moore circuit. 


Output Z 


Next State 


S, = Ss. 


N 
m 
un 
Il 
aN 
ao 
nn 
mo M 
e 
nn 
ll 
om 
La 
AA 
oF 
N c 
Mtn, 
em 
- a 
E e 
LA 
a2 


Output Z 


Next State 


Output Z 


Input Present Next State 


15.14 (a) 


Output Z 


= 
m 
3 OX 
i 
$ o 
e 

>< 


Present 
State 
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15.14(b), Equivalent States: S4 = Sc and S; = Sz. 


(c) 
Input Present Next State Output Z 
(contd) p ERS 
Pattern State X=0 X 1lXz0 X=1 


LS 
EN 
Lo. 
[00 | 


1 


1 


TS [o's tro |z 
Se | 00 01 31 10 |Z 
| a a c ca 0 


Unit 15 Solutions 
Equivalent States: S, = S4. 


> oo 


ATA c 


b C 
C g 


c | g b | 
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Unit 15 Solutions 


eX 


XXX E 


XX. 


XX 


(EXE 


EINEN 
Ke D 


15.16 (b) 5 


X 
AE 


Wo oa 
v 


i ot ott 
o 


X 


168 
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Unit 15 Solutions 


15.17 (a) S se=f,S,scad,S,=S,sa=b 15.17 (b) 
Since every state in N has an equivalent state in M, and 
vice versa, N and M are equivalent. 


A 


S. =S E=F,C= D,A=B 


Present Next State 
State X20 1 Output 
1 i} 


Set don’t care to S, so S, = S: 


3 
Present Next State 
State |x 29 1 | Output S, and Si have no corresponding states, 


Pos | ss] o | -. N and N' are not equivalent. 
0 1 0 

[$5 | as| oO 1518() X= 011 

Z= (0)011 

[S | ss] 0 z'=(0)010 


15.19 (a) Set don’t care to 0 so S, = S, = S: Set don’t care to 0 so S, 2 S, = S; 


Output Present | Next State Output 
X=0 Yad State |x-0 1/X=0 X=1 


15.19 (b) 15.19 (c) X= 10 
Z= 01 
2-00 


No equivalent 
states. 
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Unit 15 Solutions 


15.20 (a) Invert all three columns of assignment (iv), and 15.20 (b) Equivalent assignments to each column having 000 
then swap the first and last columns. Then (iii) as the starting state. Invert any column with 1 in 
and (iv) are the same, therefore, Assignment (iii) = the first row. 


Assignment (iv). 


BCEG 


15.20 (c) Many state assignments are not equivalent to 
(i) through (v), for example: 


101 or 011 
000 101 
011 000 
100 100 
010 010 
110 110 
15.21 (a) Straight Equivalent State Assignments (any three) 
Binary 
Assignment P GSG GS A> C C06, 
000 000 000 000 000 000 
001 001 100 010 010 100 
010 100 010 001 100 001 
011 101 110 011 110 101 
100 010 001 100 001 010 
101 011 101 110 011 110 
110 110 011 101 101 011 
111 111 111 111 111 111 
15.21 (b) Many state assignments are not equivalent to the 111 111 eic: 
straight binary assignment, for example: 
101 001 
110 010 
100 011 
011 100 
010 101 
001 000 
000 110 
15.22 (a) 1. (A, H) (B, G) (A, D) (E, G) Q, 01 
2. (D, G) (E, H) (B, F) (E, G) (C, A) (E, C) (E, A) Q Q3 0 1 QAN 0 
(D, B) 00 | BIA 00 | 0 
3. (A, C, E, G) (B, D, F, H) 
01 | D|C 01; @ | 1 
Consider Guideline #3 only: 
11] F JE 11) 0/41 
10 | H| G 10; 0/41 
Z-Qj 
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15.22 (b) Consider Guidelines #1, 2: 


A= 000, B = 111, C = 110, D = 001, E = 010, 
F = 101, G = 011, H = 100 
Qi XQ; 

Q5 Q3 0 1 QQ; 00 O1 11 10 
00|A|H 00|0].0|(n|0 
IDIF oa | HCD) hI} o 
1 | GB 11 | 0 | 0 | |1}} 0 
1 | EC 10 €D W] 6 


D, = XQjQ, + X'Q,Q;' + XQ, 


15.23 (a) 1. (A, C)x2v (B, C)x2Y (A, DY 
2. (A, OY (B, D)Y (A, B, Dv 

(A, B, C, D)v 
3. (A, DY 
Adjacencies that are satisfied are checked (v^) 


Q2 


Q, 

0 
0 A C 
1 D B 


QUO" 
EE 01 11 10 | 00 a i 10 


| 00 | 00 00 10 10 | 01 01 0101 


| i |4 01101 |1 1111 
00 00 11 01 |11 11 00 00 
01 11 00 10 |01 01 01 01 


15.23 (b) 
(contd) 
Xı Xy 

Qi Qs 00 01 11 10 
o | 0 | O " (1) 
01 | 0 m o |n 
1 | X Lx X | |x! 
10 X | xX w 

Ji 7 X, XQ» * XX + X1Q7' 


XX, 
QQN Q0, O1, 11 10 
oo XIRI X | 
If (X | 
o1 | x | |x} | x 
1310|Hl|0/|l 
10 | B Wio IoT 
Ky = XX) + X4Xq' + Xy'Q 
K; = X1 X, XE + X0,’ 


Unit 15 Solutions 


XQy XQ, 

QQ; N 00 01 11 10 QQ; 00 H 2 10 
00 0 0 E383 00 [4] 1 1 mi 
ofololula alidlololb | 
11 ES 0 0 11 0 0 0 0 
w lata o | o 10 |o |e] o 

Dy = X'Q3 + XQ; D37Q,'Q? + Q1Q3' 

15.23 (b) X 

Q, Q 00 01 11 10 
00 0 0 1 1 
01 0 1 0 1 
11 iL 0 L 0 
10 0 0 1 0 
Q,* 
XX, 
QQ 00 0l 11 10 
00 
01 1 1 
11 1 1 1 1 
10 1 1 
Q,* 
XX, X, X, 

QQ N 00 01 di 30 QQ 00 01 11 10 
00 0 0 0 0 00 X X EA 
o | x | x |x ofololula 
11 X X ETA 11 0 0 0 0 
wololo Uli 10 |x|x|x|i]x 

Jy = X1Q, XiQi 
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Unit 15 Solutions 


15.24 (a) Equations for one-hot state assignment: 
Da =X(A +B +D + E), Dg = X(A + D), 
Dc = XB, Dp = XC, D; = X(C + E,z- D 


15.24 (b) Guidelines: 
1. (A, D)x2 (C, E) (A, B, D, E) 
2. (A, B)x2 (A, C) (D, E) (A, E) 


The following assignment satisfies all but (A, E), 
(A, C) and (B, D): 


x 
PER 
| 001 000 | 


001 000 


PS 
L9 | 
NE 
NC 
[ 001000| 1 | 
MESE 
NUN 
== 
p 


| 000 | 
| 010 | 
| On | 
" | 010 | 
G0, Ww d | 10 | -— —| 
o | A|- | m | on 010 | 
ale | - | 300 | — — | 
| 10 | = =] 
sree a = X'Qy'Q3, D; = X'Q3 + Qi, D = X, 
10: | lz "EX 


15.25 (b) 1. (A, C)Y (B, D)Y (C, E)Y 
2. (A, B)Y (C, E)Y (A, D) (A, O)Y (B, D)v 
3. (A, C, EY (B, D)v 
Adjacencies that are satisfied are checked (v^) 


15.25 (a) 5 < 


A = 000, B = 100, C = 001, D = 101, E = 011 
All are satisfied except (A, D) 
Alternate: 
Qy Qi 
Q; Q4 0 1 Q5 Q4 0 1 

00 A B 00 A 

01 C D 01 C 

11 E 11 E 

10 10 B D 


XS 
De PORE 
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15.25 (c) (contd) 


Unit 15 Solutions 


XQ, XQ, XQ, Qı 
Q2 Q3 00 01 11 10 Q5 Q3 00 01 11 10 Q2 Q3 00 01 11, 10 Qs Q3 0 1 
00,0 | o | o fT o | o | 0 a 0 00 | 0 |[(D)| 1 | 0 00 | (1) | 0 
o | 0 | 0] 0 |1 01 | 0] 01/0} 0 01 |o |l] 0 Al 01 |1|| 0 
11 f X|x d 11|0 X|X|0 11[|0 |X | xi 11 | jaf} x 
10 x x | xX X 10| X|X R X 10 | X |t X X 10 9X 
* 20,4 XQ,' * 2X ' +- y ' ' Z-Q, 
Qi Q2 Qj Q2 Q1Q3 Q3 = X'Qi +X Qi Q3 m Q1Q3 
XQ, XQ XQ, XQ 
Q2 Q3 00 01 11 10 Qy Q3 00 01 11 10 Q2 Q3 00 01 11 10 QQ; 00 01 11 10 
00|0|X ("In 00 | iyi. o | o | oO A 0 00 (X|X|X|X 
01]|0|X x 1 00 |X | 1 | 1 | X 01|0 0/.01|0 00 |x | xX] x] x 
11 H XIX] 1 11 |IX| X| X | X 11|X|X!X|x 1123  X|X|1 
10 Lx X x | x 10 (X | X | X/ X 10| XX R x 10 | kK | x | x | X) 
Jy = Qa t+X Ki-1 J, = XQ1Q,' K,=1 
15.25 (d) XQ, XQ, 
Q2 Q4 00 01 11 10 Qy Q4 00 01 11 10 
o |o |(T TD! o 00 IRI X ml] x 
o1 | x | |x | xix 01 | ja} | o | Ja} ] o 
1 | xX | |x | x} | x 11 | Ji} | xX | {x} | o 
10 | xX | (xk | xX] X 10 |} Ww) x | Ww] x 
J3 = Qı K3 = X'Q,' + XQ, 


Output Z equation is the same for D and J-K flip-flops. 


(Actually, it is the same for any flip-flop.) 


15.26 (a) 5 Tk 


EN 
p 


AEA OA 


ED DDS 


PAS 
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Unit 15 Solutions 
15.26 (b) 1. (A, D)x2 


2. (A, C)x2 (A, B) (C, G) (D, E)x2 Q, Q4 3 0 1 
3. (A, B, C) (D, E, G) o | Al D 
There are several solutions. Here is one satisfying 
all guidelines: 00|C^G 
A = 000, B = 010, C = 001, D = 100, E = 110, i 
G= 101 

10 |B] E 


15.26 (c) 0,0, a xd m 
EM X=0 Q2 Q3 00 0l 11 10 Q2 Q3 00 01 11 10 


ae eo a [o a [o [mle 
no [onto] e eee o [W] o [W]e 


1 

[D 
opm 0 | 0 t1 01 I 0 
ulli xix k] 11 Mx 


10 0 0 0 0 10 1 0 


D3 = Q1'Q3 * XQ;'Q4' Z= Q,' 
15.26 (d) Again, Z = Q': 


XQ, XQ, XQ, 
Qz Q3 00 01 11 10 Q2 Q3 00 01 11 10 Q Q4 00 01 11 10 


00 0 X | X |] 0 00 0 0 0 0 00 0 0 1 1 


001 0 X («IT 01 | 0 A 0 | 0 0 | Xx x [x 

| x |x x | | x 11 | X x Xx | x|x|x | X 

10|0|X|X|0 10| X| X | X| X 10|0]|0]|0 | 0 
J, = XQ X'Q1Q3 J3 = XQ) 

XQ) XQ, XQ; 

Q5; Q3 00 01 11 10 Q2 Q3 00 01 11 10 Q2 Q3 00 01 11 10 
00 QLI T 00 | XIRI X|( 00 | xX |( TR] X 
01 | xX | 0 | 0 00 X|X | X | Ix 01 | 0 |1 Jallo 
| xX]x]x]x u X|[X | X ||X Md|Xx|X|X|x 
10|X|[0]|0]|xXx 10|0|uUl[ol|t 10 X|X!X|x 

Q;'Q4 X'Qi + XQ K3 = Qı 
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Unit 15 Solutions 


15.27 (a) Q 1. (8,54:5)(8,5,5)(94$,5.) 
Q.Q 1 o 14 2 G5) G,S)*2S, Sy E S) 
253 wl 3. (8, 5,5,5) 
00 | So 5, 000. S, = 010,5, = 011, S, = 101, S, = 001, 


ur ego Soci Leora 
11 | S QQQ, |X-0 X=0 X=1 
— mowr[ o o 
i e [S] np see 


Por [noon » | 
Lo [101 orf 0 0 | 


XQ; XQ, X Qı XQi 
Q2 Q3 00 01 11 10 QQ 00 01 11 10 Q5 Q5 00 01 11 10 QQ, 00 01 11 10 
00 X 00 ||1 | (X]| X 00 X |(X|T 00 X x 
01 C [n 01 1 |1 o1 ]1 | 1f 01 
11 uU lx X 11 XX 1| tj} X| X | 1 11 | @ 7X | xX 
10 10 |G TUU J| 1) 10 1 [1 10 A 
Q,* = X'Q3 Qy* = X'Q3' + Q1 + Q5Q3' Q3* = QQ +X Z = X'Q9Q3 + XQ1Q3' 
15.27 (b) XQ, XQ, XQ, 
Qs Q3 00 01 11 10 Q5 Q3 00 01 11 10 Q5 Q3 00 01 11 10 
00 x X | XTX 00 x |x |x 00 | XIRI xX 
| 
01 f X 0 x X 01 1 
11 X x X d|C]X|x|n 11 Xx 
| 
10 [ X|1 ut x 10 10 | X | W 
R,=X+Q3 Q2Q3 R3 = XQ 
XQ XQ, XQ, 
Q2 Q3 00 01 11 10 Q5 Q4 00 01 11 10 Qs Q3 00 01 11 
00 X 00 n (X|| X 00 XIX] 


2 
|| 
be | oJ 
2 
[m 
=. 
e 
> 
x 
Le | ne | alH S 


X 11 x | x 11 | X | X | |x 
10 10 [s xX} | x) | x 10 u | 
S, = X'Q, | Sy = X'Q3'+ Qi S,=X 
One alternative assignment: 
003 (a) D, = XQiQ; + Q, + X'Q,Q5 D, =X; D,- XQ, 
QN 00 01 11 10 Z = X'Q:Q, + XQ,Q, 
0|0]|1 2 
Nes e F (b) S, = XQ,'Q,' + Q; R, = XQ,Q,' + Q; S, = 
R, = X'; S, = XQ, R, = X; Z = XQ/Q, + ae 
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Unit 15 Solutions 
15.28 Present Next State QQ (es i 
State | X=0 ES QQ, |X-0 
010 001 ER 


BINEINM 
[uo | nouo] 
Li | ure] ] 


Q1Q2 1. (S, S) (S, S.) (Sy, S) (S D S.) 
Q3 00 01 11 10 2. (Sp S) (Sy S.) (S, S) (S,, S)x2 (So S) 


S, = 000, S, = 001, S, = 010, S, = 110, S, = 111, 
EE s S. = 011 
= 
4/1/15 ]a4 Guideline 3 is of no use for this state table. 
15.28 (a) 15.28 (b) 
XQ XQ, XQ XQ; 

Q2 Q3 00 01 11 10 QQ, oo 01 11 10 Qy Q3 00 01 11 10 Q2 Q3 00 01 11 10 
00 0 X X 0 00 0 X X 0 00 X X X X 00 0 X X 0 
01|0 X|X|0 01 | 0 X|0 0Oo0|X|X|X. X 001|0|X|X/|0 
11|1|1/|14]|0 11 aE xX | 0 | x]ojo]x 11 A 0/0] 0 
10/1  1|1]|0 10 TE xX | 0 1} X/0/|0]|XxX 10 " 0.0/0 

Q,* X'Q; K, =0 X'Q'Q 
XQ, XQ XQ, XQ, 

Q2 Q3 00 01 11 10 QQ 00 01 11 10 Q2 Q5 00 01 11 10 Qs Q3 00 01 11 10 
00| 1| X|X|0 00 |(T|X xX | 0 00 | xX | x |x m 00 [E X X|0 
01|1|X|X|0 01 | ji | x} | xX | 0 axxx x 01 mE X|0 
11|1]|1]|1.,0 1 Xx|Xx|x|x 11]0]0.0 1| 11 | 0 | 0 | O A 
10 ļ1ıļılļlıfo 10 | (xX | XII xX] x 1o | 0 | 0 | O 1 10 | 0 | 0 | O " 

Q;* 5-x XQ, T,-X'Qy + XQ,'Q; 
E, XQ, XQ; XQ 

Q2 Q3 00 01 11 10 QQ, 00 01 11 10 QQ; 00 01 11 10 QQ 00 01 11 10 
00|0 | X X|1 00] 0 | X (X11 0 X | X |] (XTX 00 | 0 | xX E 
01]1 X X|0 01 | X | X | |X | X Ol} O | X |] jx} 1 01 | 0 | X x 1 
11 | 1 110.0 11| X| X | |X | X 11,010 1 1 11 | 0 | 0 i 1 
10 | 0 | O 1 1 10.0|0|Uu|L 10 | X| XIX X 10 | 0 | 0 1 1 

Q;* J3=X ia fX 
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Unit 15 Solutions 


15.29 See solutions to 14.22 for the state table. QQ Dp - 
E (Sy Sp S) (S, S g (S, S g S) (Sy S) (S, S B) Q, Q, X=0 
(5, Sy S.) 
IL (S, S9 (Sẹ S) (Sp S,)*2 (S, S,) (8, S,)*2 001 100 
(S, S > 001 110 


II, (Sp Sp Sy Sp 5) (5, 9.) 010 011 


P 111 011 
QM 9 1 111 101 


00 | So | Sc 111 011 

010 100 
euer es | 010 100 | 
E 001 110 


11 | S3 | S4 
10 | S7 | S2 
X Q4 X Q4 X Q4 
0505 00 01 11 10 Q5Q5 00 01 11 10 QQN 00 01 11 10 
oo| o| 0 | a eo} 0 |(n|0]|0 olmlololo 
01) © |f1]| © ||1j 01} © | |4)| € TD 01 |1) | (2 | 2)| © 
11 (1 [0m | o 11 [0 | fa] o | ct 11 |(1 a 1) 
10| 0/0] 0 (4) 10| 0 | W| €D 10/4 3 9 
Q,*- XQ, + XQ, Qj = XQ, + Q,'2,Q, Qj = XQ; + QQ, + QQ, 
+ XQiQ; + XQ1Q; + XQjQ, + XQ,Q; + XQ,Q, 


+ XQ,Q, + QQQ, 


X Q4 X Q4 

Q505 00 01 11 10 Q505 00 01 11 10 
00. 0 0 0 0 00 0 0 0 0 
01| © 0 0 0 01| 0 0.00 
11| 0 0 0 0 11| 0 0 0 0 
10/@/]o0/]o0]0 109|0|0|(0|960 

Z,- XQQ,Q3 Zy = X Q1Q3Q3+ X Q1Q2Q3 
15.30 See FLD p. 723 for the state table. SQF 

I. (Sp S) (S3 S3) (Sp Sy S3) (So Sp S3) (955) LÁ 

(S; So 8) 


001 011 

II. (S,, S) (S, S,) (S,, S,)*2 (S,, S.) (S., S,)x2 | 001 o1 | 

(Sp 3 001 010 

Ill, (Sp Sp Sy S- Sò) (55 S) 111 011 
$, = 000, S, = 001, S, = 010, S, = 011, 5, = 111 

3 24 , 111 011 

110 100 

101 100 

110 100 
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15.30 (contd) 


X Qi 


X Q X Q Q,Q 00 01 11 10 X Qi 
0504 90 01 11 10 0,05 090 01 11 10 2*3 0505 09 01 11 10 
060|0|1|1/90 e0|o|x|x.o EP BB e a olololo 
01|]0|1|1/|9 e1]e|x|x.o ecd eon Ion D a oalololo 
11|X 0|G]|» 
11|1|1/|0|90 11 (LI x | 0 11/9 8]|9 
109|1.1[|1.0 soli |x xlo 10/X|0j@j|xX 10|/@/o0] 0 
Qi I= XQ, Ky as Z,- X'QiQ,.Q5 
XQ XQ 
X Q4 1 1 X Q4 
00 01 11 10 
QA 00 01 11 10 0205 9205 90 01 1 A9 QoQ 00 01 11 10 
08|0 |0|90 (T 
olololola (4 90 254 6 E 099 | 80] 90 
01| 0 9 uu 
010|1/|0|41 f " OLEA Pe Peel) A 01] 9 A o 
11 x }|&] x] x 
11| 1|a1/l|1|41 W aa Oe) ee 11] 0 " 9 
109 X X|X|x 
109 1|]1/|0/|41 d EAR ba 19/9 8]|9 
" J, = X'QQ4* XQ,'Q} = 
Q5 2 Q1Q3+ XQ'Q3 K;- X QQ; Z= X'Q,Q5 
X Q X Q1 X Q 
QoQ N 90 01 11 10 Q2Q3 00 01 11 10 0,04 90 01 11 10 
090|1.1/|0|41 00 | f 1) olal 60 | X | {x | K X 
oalılololo 91 MI E x | |x e1| 0 | 1 " E 
11|1]|0/|0/|41 11| X | X|X|x 11| 0 |/1 | 11) © 
10} 1]/o]o]42 19| 1]|0 | o |i] 10| X [IX | x}| x 
+ 
25 1,7 Qr * X'Qj K,- Q.+ XQ 
15.31 Row reduction of the solution to 14.6 given on FLD p. 724 easily gives 4 states. Renaming them gives: 


Next State 
0001 1110 | Z 


SS 5, 5, | 0 | 


See p. 146 in this manual for the state 
table. 

I. (Sp $)x3 (S,, $)x2 (Sp S) (S,, S.) 
II. (Sy S) (Sp Sp S3) (Sp Sp S3) (Sp S3) 
II. (Sy S) (Sp S4) 


QQ, 
QQ, | 00 01 11 10 | Z 


[ o [o ororoo |o] 


o foo orn fo 


Q4 X X2 X X2 Q4 
Q2 0 1 Q4 Q2 00 01 11 10 Q4 Q2 00 01 11 10 Q2 9 1 
0 | So | S2 ololololo olo | (4)| 0 A o| © (? 
1|81| S3 01|0 | 0 A O 01! 0 f n " 1,90 " 
11 ik A (2 | 11 | 0 " 4) [o Z=Q; 
10 [ala 0 " 10} © |\1J)| oO | oO 


D, = X,X%,Q)* XQ, + XQ, 
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Dy = X/X;* X,X5Q; + XQ; 
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15.32 See answers to 14.23 for the state table. 
The four-state table is minimum. 
I. (Sp $)x3 (S, S3) (S,, S) (S,, $.)x3 
IL (Sy S) (Sp Sp S3) (Sp 5,) (Sp 5,5) 
III. (S, S,) (S, S) 


Q QY 
00 01 11 10 


01 01 00 00 


11 10 11 10 
11 10 00 10 


RN I3 
Lo foror moo fo 


X X2 Q4 


X1 X2 Q 
1 Q2 00 01 11 10 
Qı Q2N 00 01 11 10 Q5 


0 1 
00|0|0]|0/ 90 ee fm eje olo lA 
B 


A 01 " " 0,80 


01| 0 0 0 


semp BLISS 
10 elal aj o 10|ajl olojo Z=Q) 


D,7 X(Q, * X XJQ5* XQ, Dy = XiX5* X{Qy + X010; 
15.33 
WA WA WA 
BC 00 01 11 10 BC 00 01 11 10 BC 00 01 11 10 
ololololo 00|0 1]|1 1 00|1|1]|98 1 
01]0|1]|1|41 01|1/|0]|90/|90 oalolılolo 
11]1|0]|11|96 11]1l[e6/|60|1 ii|e|ildli 
109|1|1]|60|41 109|1[601/|9 19/)0[0/|0|1 
TA Tz Tc 
ue WA BC " 2 01 11 10 
BC 00 01 11 10 BC 00 01 11 10 
ololılılo ololılılı oo); 1; 1) 9/1 
oalololola oa|ılololo ©01|/1/0|/1j1 
11/1/1]o0/]0 11|0|1]|1/|9 11|,1|0080]|9 
10|1.0]|11|41 19|0|1]|0/|1 109/08|0/08/|1 
A B* i 
0212325 


A'B'C Z 
ABC W=0 1 0 1 
Too | oor on [o v] 


oo [on 01 o o 


o f oor o o 
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15.33 


I. None 
(contd) IL (4, 7)Y (6,7)Y (2,4)Y (2, 6)¥ 
Assignment: 
S, = 000, S, = 100, S, = 111, S, = 110, S, = 101 
A 
BC (0) 1 
00 | Sọ | S2 
01 57 
11 S4 
10 Sg 


15.34 


15.35 


State |W=0 1 0 1 
[ 000 | 000 000 | o 0| 


Pan [01 no Poo | 
no | om] oo 
io | ue 100 o v] 


T input equations derived from the transition table using Karnaugh maps: 


T,=0; T,-WA; T,.-WB-*AB: 


By inspecting incoming arrows, we get: 
Q, = D, = X'YQ, + YQ, + X'YQ, 

Qj = D, » XY'Q, Y XYQ, T YQ, 

Q,' - D, - XYQ, * X'YQ, *X'YQ, * XYQ, 
Z = X'YQ, + XYQ, + X'YQ, = X'YQ, + YQ, 


15.37 (a) By inspecting incoming arrows, we get: 


D,=Q,° =X 


ERES CR 
» = Qy = X(Q. * Qj) 


Z-WAB'C' 


By inspecting incoming arrows, we get: 


D, = "i = X'YQ, i XYQ, 
D,- Q, = XQ, d YQ, T XY'Q, 
D, = Q,* = X'YQ, + X'Q, + X'YQ, 
D, = Q, i YQ, * XQ, Ww X'Y'Q, 
S - YQ, * XQ, 
P -XYQ, 
k EP Clr, Ld, Cnt | Clr = Q,' + Qi +x 
A. LdeQQo 
X70 1 1*0 
P,-0 
101101 | P,=0 
101 101 | Pa=1 
15.37 (b) 
D, = X(Q, + Q,), D, = X'Q5 Z = XQ,Q, 
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15.37 (c) For the counter, a better state assignment is A = 00, 


B-01,C-10andD - 11. 


EX GG = X+Q +Q, EX 
p -,P,=-,P,=-,P,=- 


15.37 (d) Another possibility is to duplicate state D and use 
(contd) 


SS, 
"m 


[100 [or [00 
Lue [or fo 0 | 
Lam [ww] a o 


s-Xs-1,Z-xXQJQ; Si - 1, 
Psa P Ss P sBs 


3 


15.38 (b) 


The equations for J,, K4, J and K, are the same as 
in Part (c). 


1110 and 1111 as state assignments for the two D's. 


Unit 15 Solutions 


15.37 (d) For the shift register, the state assignment A = 0000, 
B = 1000, C = 1100 and D = 1110 makes use of the 
shift function. 


SS, 
"m 


[9 [ora fo 
uo [ wajo 


S, =X, s, =X +Q Z =XQ,Q,' Sn 4, 
po—ePB cup —sB-- 
15.38 (a) Qu = XQ, + XQ, = XQ, + XQ4(Q, + Q4) 
m XQ, i XQ;Q;' =(X+ Q,(X' + Q,' + Q1)Qi 
+ (X'Qi + X05,Q1)Q,' 


7 (X'Qi * XQ5Q1)'Qi * (X'Qi * XQ4Q1?Q;' 
so T, = (X'Q, + XQ,Q1? 


Q,” = XQ, + XQ,' = XQi(Q, + Q5) + XQ,' 
= XQ4Q, + XQ' 
so T; = (XQ1)'Q, + XQ,' 
= XQ, + QiUQ, + XQ, 
15.38 (c) Q,* = XQ, + XQ, = XQ, + XQ4(Q, + Q4) 
= XQ, + XQ)Q' 
so J, = XQ4 K= X' 
Q;* = XQ, + XQ;' = XQi(Q5 + Q2) + XQz' 
= XQiQ, + XQ' 
so J, = X, K, =O) ex 0 
15.39 (a) Q,* = JQ,' + K4'Q, = Q)Q,' + QUO, = Q,Q,' 
so T, = Q1 + Q2Q1' = Q, + Qo 
Qy* = J9Q,' + Ky'Qy = (X + Q,)Q,' + (1)'Q; 
= (X + Q1)Q;' 
so T, = Q» +(X + Qi )Q»' 
=Q,+X+Q,' 
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15.39 (b) 


The equations for T, and T, are the same as in Part 


(a). 


15.39 (c) Q,* = S, + Ry'Qy = Q)Q,' + Q,'Qj 15.39 (d) SR}, SR» 
so S, = ‘and R, = 
1 Q2Q1 1 Qı Q1Q; X-20 X= 


Q5* = Sy + Ry'Q, = (X + Q1)Q,' + (Qp)'Q 
| 00 | 0.10 | 0,10 | 


so Sy = (X + Q,)Q,' and R, = Q, 


The equations for S4, R4, S, and R, are the same as 
in Part (c). 
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Unit 16 Solutions 
Unit 16 Problem Solutions 


16.1 - See Lab Solutions in this manual. 
16.14 
16.15 See FLD p. 729 for solution. 16.16 See FLD p. 729 for solution. 


16.17 (a) The state meanings are given in the following table: 


Meaning 
No 1's have occurred 
One 1 has occurred (an odd number « 2) 


S, Two 1's or an even number of 1's > 2 
have occurred 
S, 


EON An odd number of 1's > 2 has occurred. 


16.17 (b) 


QR 
SS 
mA © © 
— = e a 
ETS] ©] ele 
e epe 
AX -ALX 
E 
+ 
= 


I: (1,3) TE 
II: (0, 1) (1, 2) (2, 32x ip = xa; +X; â 
b E 0 1 X X 
i a; b; 1 l 
Mi d a 00 | 0 | 0 fi 
1/56 5 b. bia 
— = E b -b'*xa 
itl i i'i 


a b 11 li a) 
s o pez 
bi; = bjtXjà i+ 
i s z=a__b 
Ls 


ntl n+1 


Note: Solution in FLD p. 729 uses state assignment S, = 00, 
$5,701, $, - 10, S, - 11. 


16.17 (c) Since no 1's have occurred, a, and b, are the same 
as S, or, a, = 0; b, = 0; 

— r £ — . 

a,=X,a, +X,a, =X; 


b,=b,+x,a,=0 } first cell 
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16.17 (d) 


16.18 (a) The output becomes 1 whenever an even #0's or an 
even #1's (greater than 0) occurs. 


Guidelines: I: -- 
II: (1, 2)2x, (0, 3)2x 
An assignment is 


A 
B 0 1 
0 |S | S3 
The state meanings are given in the following table: EF 
1 2 


even #0's and even #1's received AB 1 |X=0 ue il 
even #0's and odd #1's received EIE 11 01 o 0 | 


odd #0's and even #1's received 10 00 
odd #0's and odd #1's received 00 10 


D,=X'A'+ XA 
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16.18 (b) Ta Ka ma 
AB X-0 1 AB X=0 1 
oo [ix ox] | o0 [ix ix] 


KA =X’ 


16.18 (b) 
(contd) 


16.18 (c) The state meanings are given in the following table: 


| 
S. j 
S, 


even #0's and odd #1's received 
EON even #0's and odd #1's received 


EM odd #0's and odd #1's received 


16.18 (c) Present 
(contd) State 


Guidelines: I: (0, 1)2x, (2, 3)2x, (4, 5)2x A 
II: (2, 5)2x, (1, 6)4x, (3,4) BC 0 1 
An assignment is 00 S, | Ss 
01 |S, |S, 
11 | Se | S3 
10 |X |S, 
2 
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16.18 (c) T 
(contd) : 
BC 
Z 
BC 
Z-B'C-*AC 
16.19 (b) 


Z = X'A'B + XB' + XA 
Z=(X+B)(X+A'\(X't A+B) 


Tc 7 A'B'C + AC' 


16.19 (a) 


1 
QC EX XS» 


carry peni 0 carry 
ie 4 = 60 = 
For assignment Sọ = 00, S4 = 01, S, = 11: 


Pri 
AB 1|x=0 E 1 
00 01 


Jp Kp 
X 
AB AB 
00 
01 
11 
10 
i61 (0) 
D,- XB 
D,=X+A 


Z= XA'B + XB' + XA 
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16.20 (a) 011, 16.20 (b) Do = X;'X4Xg + X5X4'Xo' 
Inputs: X5X4 Xo 100 Outputs: ID Dy = (X5X4' + X/X9)(Qo + Q2 + Q4 + Qo) 


e D3 = (X2'X1' + Xy X9)Q, 
Lad 


4 Ds = (X2'X1' + Xy'Xo')(Q3 + Qs) 
00-, 
0-0 

011, ol 

100 NY 


Dy = (X5X; + X)X9(Qo + Q1 + Q4 + Qs) 
y 


D, = (X)X, + X5)X9)Q; 

Dg = (X5X1 t X4X9)(Q4 T Qs) 
I-Qs; 

D= Qg 


16.20 (c) Using the assignment S, = 000, S, = 001, S; = 010, S, = 011, S4 = 100, S; = 101, 
8, 110.5, = 111: 

Dex X E S Sy Med SS E S) 
= (X5 'X41Xp t X4X4'X9(Qo' + Qi' + Q,')* 
= X,'XXp + XoX1'Kq™ 

D; SQ GG + GX Ss SUE Sy ES RS ES) eU. 69995; 
= (X, + X,X9)(Q' + Q?'Qg + Q2Q0) + (X2'X1' + X5'X9)Q»'Q,'Qo 
= (X, + X,X9(Q' + Qo + Q5) + (X2'X1' + X7X9)Q5'Q1'Qo* 

D, = (XX1 + X XS, + S4 + Sẹ) + CU 26 S. 48) 
7 (X2X1 + X,X9(Q)Qo' + Q1Q0 + (X2'X1' + X2' X0 Q2'Q1Q0 + Q2Q1'Q0) 
= (X2X1 + X2X0)(Q2Q0' + Q1Q0 + (X2'X1' + X2'X0 (Q1Q0 + Q2Q0)* 

T= S5 = Q2Q1'Qo = Q2Q0* D = 55 = Q2Q1Q0' = QQ,* 


* $ never occurs so 111 is a don’t care input combination. 


16.21 (a) Inputs: XyX;Xq — 011,100/00 Outputs: ID 16.21 (b) Do = X3'X1Xo + XX1 Xo 


D, = (Xq'Xq' + XyXy)(Qo + Q5 + Q4) 
D, = (X,'X4' + X4'X9')(Qy, + Q3) 

Dy = (XX, + X)X9(Q + Q1 + Q3) 
D, = (X)X, + X)X9(Q5 + Q4) 

T= (X, + XyX9)Q5 

D = (Xo + X; XQ, 


/00 /00 


011,100/00 


00-,0-0/10 11-,1-1/01 
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16.21 (c) Using the assignment Sọ = 000, S, = 001, S, = 010, S, = 011, S, = 100: 
Dy = XpX9QyQo' + X2X1Q1Q0' + X;X9Q, + X,X1Q; or 
= XX 9Qq'Qy' + X2X1Q7'Q1' + X2X0Q0 + Xj Xp'Q + X,'X1'Qo 
D, = X2X0Q2'Q1' + X5,X1Q5'Q,' + X2X1Q0 + Xy'X Qo + Xy'Xp'Qo 
Do = Xp Xy' + X3 Xo 
I = X?'X1'Q1Qo + X2X0'Q1Q0 D = XX9Q, + X XQ 


16.22 (a) pus XY Outputs: ZoZ4Zo 16.22 (b) Dy = 0 
D, = (X'Y' + XY((Qp + Q4 + Qs + Qo) 
00, D; = (XY' + XY)Q, 


D; = (X'Y' + XY)(Q, + Qs) 

Dg = (X'Y + XY)(Qo + Q1 + Qo + Q3) 
D; = (XY + XY'Q¢ 

D, = (X'Y + XY')(Qy + Qs) 

Zo = Q1 + Q4 + Q5 

Z1 = Q2 + Q4 + Qs 

Zy = Q4 + Qs + Qg 


16.22 (c) Using the assignment S, = 000, S, = 001, S, = 010, S, = 011, S4 = 100, Sc = 101, Sc = 110: 

Dg = (X'Y' + XY)(Sg + S4 + S5 + Sc + Sy + S3) + (X'Y + XY)SG 
= (X'Y' + XY)(Qo' + Q,'Q, + Q2Q1 + (CY + XY)Q,QiQ,' 
= (CY + XY)(Qp' + Q1 + Qj) + (XY + XY)Q,Q;* 

D, = (X'Y' + XY(S, + Sy + S3) + (X'Y + XY)(So + 5; + Sy + S3) 
= (X'Y' + XY)( Q//'Q, + Q2'Qo) + (X'Y + XY)Q,' 

Dy = (X'Y + XY)(Sy + Sj + Sy + S3 + S, + Sz + Sg) 
= (X'Y + XY'V(Qo' + Q,' + Q,'* = (KY + XY)* 

Zo = S1 + S3 + S5 = Q1'Qo + Q2'Qo = Qo* 

Z1 = Sy + S3 + Sg = Q'Q; + QQQy = Qy* 

Zy = S4 + S5 + S6 = Q2Q1' + Q5Qo' = Q5* 

* $7 never occurs so 111 is a don’t care input combination. 


16.23 (a) Inputs: XY Outputs: Z5Z1Zo 16.23 (b) Do =0 

D, = (X'Y' + XYY((Qo + Qs + Qe) 

Dy = (X'Y' + XYY(Qj + Qo) 

Dg = (XY + XY)(Qo + Q1 + Qo) 

Ds = (X'Y + XY)(Qg + Qs) 

Zo = (X'Y' + XYY((Qo + Q2 + Qs) * Qc 
Zi = (XY + XY)Q + Q1 + Qo 
00,11/010 01,10/101 Z = (X'Y + XY’) 


00,11/011 01,10/100 
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16.23 (c) Using the assignment S, = 000, S, = 001, S, = 101, 16.24 (a) Inputs: XY 
Sos 111, S; = 011 
D, = Q,'Qy + XY'Q,' + X'YQ,' or 
= Qi'Qy + XY'Q,' + X'YQ,' or 
= Qi'Qy + XY'Q,' + X'YQg' or 
= Q,'Q, + XY'Oy + X'YQo' 
D, = XY + XY 
D =1 
Zy = X'Y+XY' 
Zi = Q;'Qy + XYQ,' + X'YQ,'or 
= Qi'Qy + XY'Q,' + X'YQ,' or 
= Qi'Qy + XY'Q,' + X'YQg' or 
= Q1'Qo + XY'Oy + X YQ 
Zy = X'YQy + XYQy + X'YQ, + XYQ; 
+ QoQ; + X'YQ, + XYO, 


00, 


01, 
10 
16.24 (b) D, = 0 16.24 (c) Using the assignment S, = 000, S, = 001, S, = 010, 

D, = (XY + XY(Qy + Q4 + Qs + Qs + Q3) S3 FUE S4 = 100, S; = 101, Sc = 110, S = 111: 
D, = (X'Y' + XY)Q, Dg = (X'Y' + XY(Sy + S4 + S5 + Sg + S7 + Sy + 
D; = (X'Y' + XYY(Q, + Q3) S3) + (XY + XY)(Sy + Sy + Sy + S3 + Sg) 
D, = (XY + XY'\(Qo + Qi + Q» + Q4) = a i po a + 
Dg = (XY + XY)Q; 2 1*0 
Ds; = (X'Y + XY)Qg D, = (X'Y' + XY(S(* Sy + 5) + 
D, = (X'Y + XY)(Q, + Qs) (X'Y + XY)(Sy + $4 + Sy + S} + S7) 
Zo = Q1 + Q3 + Qs + Q7 = (XY + XY)(Qy'Q] + Qy'Qo) + 
Zi = Q» + Q3 + Qc t Q7 (AY + XY\(Q,' + Q,Qp) 


Z2 = Q4 + Qs + Qs + Q7 D, = (X'Y + XY) 


Zo = S1 + S3 + S5 + S7 = Qo 
Z1 = Sy + S3 + Sg + S7 = Qi, 
Z = S4 + S5 + Se + S7 =Q, 


16.25 (a) Inputs: XY Outputs: Z3Z1Zo 


16.25 (b) Dy = 0 
D, = (X'Y' + XYY(Qy + Qs + Qe + Q7) 
Dy = (XY + XY)(Q, + Q») 
D; = (XY + XY)(Qo + Q1 + Q3) 
Dg -(XY- XY')Q, 
“4 D; -(XY- XY'/(Qz + Qe) 
00,1011 01,10/101 Zo = Qo + (€Y' + XY)(Q, + Qs) 
+ (XY + XY'(Q; + Qe) 
Z= Qi + Q» + (XY + XY)(Qg + Q7) 
Z, = (XY + XY) 
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16.25 (c) Using the assignment Sọ = 000, S; = 001, S, = 100, 16.26 (a) N, = Q* - (Q, + FB, + CALL )R' 
Ss = 011, S; = 010, S, = 111: = QR! + FBR! + CALLR 
Dy = X'YQ,' + XY'Q,' + Q1'Qo 
D,=X'Y+XY' 
Doy-Q,*XY + XY + Q,' 
Z,-XY-XY 
Zi = X'YQ,' + XYQ,' + Q,'Qy + X'YQ, + XY'Q, 
Zo = Qo + X'Y Q,' + XYQi' + X'V'Q, + XYQj, 
+ Q9, 


16.26 (b) 
Staying on first floor 
Moving from first to second floor 
Staying on second floor 
Moving from second to first floor 


16.26 (c) With the state assignment S, = 00, S, = 01, S, = 10, S, = 11, we have: 


D, = FS,Q)Q, ag ESQ, T QQ; D, = FS;Q1Q, T FS1QQ, * N;N,DCQ'Q; + N,N, DCQ,Q, 
R, = FS,Q,Q, + N,Q;Q;; R, = FS,Q;Q, + N,Q,Q;; UP =FS,Q;Q, + N'N,DCQ/Q; 
DOWN = FS1QQ, * N,N;DCQQ;; DO = FS,Q/Q, + FS QQ, + N QIQ, t N,Q Q, 
16.27 (a) 
L'R'H' 


Outputs: LC, LB, LA, RA, RB, RC 
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16.27 (b) First, assign LC = Q, LB = Q,, LA=Q,, RA = Q, RB=Q,, RC = Q, So S, = 000000, S, = 001000, S, = 011000, etc. 


This state machine has too many state variables to use Karnaugh maps. Instead, we will write down equations for 
each flip-flop by inspection. 


First consider Q,. Q, = 1 in states S, or S, only. 

e  S_ is reached whenever H = 1 and we are not already in S,: H(Q,Q,Q,Q,Q.Q,)'. But S, is the only state in which 
both Q, = 1 and Q, = 1, so assuming we are always in a valid state, we can use H(Q,Q,)' = HQ; + HQ}. Note: 
Any combination of one left light and one right light will also work, i.e. HQ! + HQ. 


* S, is reached whenever we are in S, and L = 1 while H- 0: LH'Q,Q,0,0,0:Q,. But Q, = 1 whenever Q, = 1, 
and Q, = Q, = Q, = 0 whenever Q, = 0. So we can use LH'Q/Q,. 


e So D, = LH'Q/Q, + HQ; + HQ; = LQ'Q, + HQ; + HQ, (using X + X'Y = X + Y) 
Similarly Q, = 1 in states S,, S,, and S, only. 


e S, and S, are reached whenever we are in S, or S, and L = 1 while H = 0. 
LH'Q/Q,Q.Q,Q;Q; + LH'Q'Q;,Q.Q,Q./Q; = LH'Q,'Q,Q/Q:Q; 
But again, Q, = Q, = Q, = 0 whenever Q, = 0, so D, = LQ;'Q, + HQ; + HQ; 
We can also get by inspection: D, = LQ'Q, + HQ; + HQ; D, - RQQ; * HQ; + HQ); 
D, = RQQ; + HQ; + HQ; D, RQ.Q; + HQ; + HQ; 


16:27 (c) LRH -000 001 010 011 100 101 110 111 | LC LB LA 


I. (Sp Sp Sp Sy Sp S, S) for S, in LRH = 001,011, 101 Q 
(S, $,, S, Sẹ S.) for S; in LRH = 010 Q2 Q4 0 1 
(S., S, S. So S) for S, in LRH - 100 00 So S; 
II. Every state matches S, and S.. But S, and S, match the best, so (S, S,)x(many times) 
Ill. (S, $, 5, S) (S, $., S,, S.) etc. O1 | S2 | S3 
11 |S S 
From LogicAid: on ps 
D, = HQ, + RQ,Q,Q; + HQ, + LQ/Q,Q, + HQ; + RQ/2;Q; 10 |s; |S, 


D, = RH'Q;Q;Q; * RH'Q,Q, + LH'Q;Q;Q; 
D, = LH’Q\Q,Q; + LH'Qi2,0,* RH'Q,Q, 

LC = QQ); LB = Q.Q, + QjQ,; LA - Q,Q; + Q;Q, * Q:0,Q; 
RC-QQ;Q; + QQJQ; RB = QQjQ; + QQ; RA= Q,Q) + QQ, 


Other minimum solutions can be found for D, and D, with this assignment. 
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16.28 


ST' FF' PL' 


Note: This state graph assumes that only one of the buttons ST, PL, RE, and FF can be pressed at any given time. 
The graph is incompletely specified and must be augmented before using LogicAid. For example, the arc from REW 
to PLAY should be labeled PL ST' FF". 


>P 
>R 
ST — ——» s 
RE— — Q;* 
FF— —- si Qı 
e D, = ST' FF PS Q; Q; Q, + ST' RE PL Q! Q} Q, 
M —— [—q»CK *STMQ, 
D, = ST FF Q! Q; Q} + ST’ RE Q! Q; Q; 
PLA + ST' RE' PL' Q, Q, + ST' FF' PL' Q, Q: 
Q; «D Q, D, = ST RE' FF Q}? Q} Q} + ST' RE' FF' Q, 
+ ST' FF' PL Q, Q; + ST' RE' Q, Q, 
+ ST' M' Q, + ST' Q, Q, + ST RE'PLQ' Q! 
+—o>CK ")! : s a 
~ PaO. 
— R= Q.Q; + QQ; 
Q;* >| D Q; F- Q,2, b Q.Q, 
«—q»cK 
Clock 
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16.29 (a) 


16.29 (b) Next State A'B'C* 
X=0 1 Z ABC |X-0 1 Z 
aS | 9. — | 


[s | 000 | woo 0 
[s [wi | oof o 
[wo [000 101 | | 
on [ 1000 0 
[10 | wone| | 
[30 | euo o | 
BENI es NRESRI 


po ett 
nmn 


— LU $ 
aj+1 = Xj'bicj + ajb; + xįbįCį' + xjaj bį+1 = bi'cj + ajb; + xįCį + xjaj 


16.29 (c) 16.30 (a) 


Z 
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16.30 (b) Next State a 
State |x =0 x=1 Arar 


0 Í So | S 
1| S3 |S, 
X X ane 
a; bj 0 1 a, b; 0, 1 by 0 1 
00 (^ 1 00 lo) 1 0] 0 1 
01 lo (o 01 | 1]|1 1/0 1 
11 1 lo 11 | (0)} 1 Z = ap 
10 1 1 10 | 0O 1 
aj, 7 Qu tai) (+ bj) bi, = (& +B, ) (& * aj) 


16.30 (c) a, = b, = 0 
a, = (x, *0)x, + 1) =x, 
b, = (x, + 1)(x, + 0) =x, 


16.30 (d) 
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Unit 17 Problem Solutions 


17.1 See FLD p. 731 for solution. 17.2 See FLD p. 732 for solution. 
17.3 
(a, b) Q(7) Q(6) Q(5) Q(4) Q(3)Q(2)Q(1)Q(0) 


D(7)D(6)D(S)D(4) D(3)D(2)D(1)D(0) 
See FLD p. 732-733 for solutions. 


17.4 See FLD p. 733-734 for solution. 17.5 See FLD p. 734 for solution. 


17.6 See FLD p. 734-735 for solutions. 


(a, b) 
17.7 (a) See FLD p. 736 for solution. 17.7 (b) Qd) QQ) 
Q(1) Q Q 
m5 CLK cik 
T LdB 


A() B AQ) BQ) 


LdAA(1) LdA' LdB B(1) LdAA(2) LdA'LdB B(2) 


17.8 See FLD p. 738 for solution. 


195 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 17 Solutions 


17.9 library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity srff is 
port (clk, s, r : in std_logic; 
q, qn : out std logic); 
end srff; 
architecture Behavioral of srff is 
signal gint : std_logic:='0'; 
begin 
q <= gint; 
qn <= not gint; 
process(clk) 
begin 
if clk'event and clk='1' then 


if (not s and r)='1' then qint <= '0'; 
elsif (s and not r)='1' then gint«-'1'; 
elsif (s and r)='1' then gint«-'X'; end if; 


end if; 
end process; 
end Behavioral; 


17.11 A rising edge triggered D-CE flip flop with 
asynchronous clear and preset. 


17.12 Q 


8 
SAN 
QintŅ g 
Ld — | 8-bit Register 
Clk { ü 
D 


17.10 library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 
-- D-G Latch 
entity dglatch is 
port (d, g : in bit; 
q : out bit); 
end dglatch; 
architecture Behavioral of dglatch is 
begin 
process(g, d) 
begin 
if g-'1' then q <= d; end if; 
end process; 
end Behavioral; 
-- D flip flop using D-G latches 
library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 
entity dff is 
port (d, clk : in bit; 
q : out bit); 
end dff; 
architecture Behavioral of dff is 
component dglatch is 
port (d, g: in bit; 
q : out bit); 
end component; 
signal p, clkn : bit; 
begin 
clkn «- not clk; 
dg1 : dglatch port map(d, clkn, p); 
dg2 : dglatch port map(p, clk, q); 
end Behavioral; 


library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 
entity myreg is 
port(en, Id, clk : in std logic; 
d : in std logic vector(7 downto 0); 
q : out std logic vector(7 downto 0)); 
end myreg; 
architecture Behavioral of myreg is 
signal gint : std logic vector(7 downto 0):="00000000"; 
begin 
q <= qint when en ='1' else "ZZZZZZZZ"; 
process(clk) 
begin 
if clk' event and clk='1' then 
if Id='1' then gint <= d; end if; 
end if; 
end process; 
end Behavioral; 
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17.13 library IEEE; 17.14 library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity encoder is entity comparator is 
port (yO, y1, y2, y3 : in bit; port (a, b : in std logic vector(3 downto 0); 
a, b, c : out bit); agb, alb, aeb : out std logic); 
end encoder; end comparator; 
architecture Behavioral of encoder is architecture Behavioral of comparator is 
begin begin 
process(yO, y1, y2, y3) process(a, b) 
begin begin 
if y3='1' then a <= '1'; b <= '1'; c <= '1'; if a > b then agb <= '1'; alb <= '0'; aeb <= '0'; 
-- y3 has highest priority elsif a < b then agb <= '0'; alb <= '1'; aeb <= '0*; 
elsif y2='1' then else agb <= '0'; alb <= '0'; aeb <='1'; end if; 
a«-'15b«-'0;c«-'1, end process; 
elsif y1='1' then end Behavioral; 


a <= '0'; b <= '1'; c <= '1'; 
elsif y0='1' then 
a <= '0'; b <= '0'; c <= '1'; 
else a <= '0'; b <= '0'; c <= '0'; end if; 
end process; 
end Behavioral; 


17.15 library IEEE; 17.16 library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity super is entity bcd_seven is 
port (a: in std_logic_vector(2 downto 0); port (bcd : in bit_vector(3 downto 0); 
d : in std_logic_vector(5 downto 0); seven : out bit_vector(7 downto 1)); 
rsi, Isi, clk : in std logic; end bcd seven; 
q : out std_logic_vector(5 downto 0)); architecture Behavioral of bcd_seven is 
end super; begin 
architecture Behavioral of super is process(bcd) 
signal gint: std logic vector(b downto 0); begin 
begin case bcd is 
q <= qint; when "0000"=> seven <= "0111111"; 
process(clk) when "0001"=> seven <= "0000110"; 
begin when "0010"=> seven <= "1011011"; 
if clk' event and clk='1' then when "0011"=> seven <= "1001111"; 
case ais when "0100"=> seven <= "1100110"; 
when "111"=> gint <= d; when "0101"=> seven <= "1101101"; 
when "110"=> qint <= qint-1; when "0110"=> seven <= "1111101"; 
when "101"=> qint <= qint+1; when "0111"=> seven <= "0000111"; 
when "100"=> qint <= "111111"; when "1000"=> seven <= "1111111"; 
when "011"=> qint <= "000000"; when "1001"=> seven <= "1101111"; 
when "010"=> qint <= rsi&qint(5 downto 1); end case; 
when "001"=> qint <= qint(4 downto O)&lsi; end process; 
when others=> NULL; end Behavioral; 
end case; 
end if; 


end process; 
end Behavioral; 
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17.17 (a) library IEEE: 


use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 


entity Mealy_XOR is 
Port (CLK, clr, x : in std_logic; 
z : out std logic); 
end Mealy_XOR; 


architecture df1 of Mealy_XOR is 
signal q, d: std_logic; 
begin 
z <= x XOR q after 10ns; 
d<=x; 
process (CLK, clr) 
begin 
if clr = '0' then 
q <= '0' after 10ns; 
elsif CLK'event and CLK = '1' 
then q <= d after 10ns; 
end if; 
end process; 
end df1; 


17.17 (b) 


|Ons — |40ns  80ns 


Signal | Current 
CLIK 0! 


clr 1' 
X Tq 
Z ‘0' 
q T 
d T 


|40ns — |80ns 


17.17 (d) 
[Signal |Current || Ons 


CLK — v 
cr T 
X 1 
Z LU) 
Ql uu 
Q2 T 
Di 1 
D2 T 


17.17 (©) library IEEE: 


use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 


entity Moore_XOR is 
Port (CLK, clr, X : in std_logic; 
Z : out std logic); 
end Moore_XOR; 


architecture df1 of Moore XOR is 
signal Q1, Q2, D1, D2: std logic; 
begin 
Z <= Q1 XOR Q2 after 10ns; 
D1 <= X; 
D2 <= Q1; 
process (CLK, clr) 
begin 
if clr = '0' then 
Q1 <= '0' after 10ns; 
Q2 <= '0' after 10ns; 
elsif CLK'event and CLK ='1' 
then Q1 <= D1 after 10ns; 
Q2 <= D2 after 10ns; 
end if; 
end process; 
end df1; 


|120ns 160ns 200ns 240ns 280ns 320ns  |360ns 


|120ns |160ns |200ns |240ns |280ns |320ns |360ns 


—d Lt Lt LJ O T 
ee ——“—<—ie ec ="g 
= ——— 
ul T LL JST JL 
uu |] Ld . 
EE: 
— Pa 
EM GSS M 
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17.17 (e) The Mealy model output is valid before the positive clock edge while the corresponding Moore model output 

(contd) becomes valid after the clock edge. Also, the Mealy output is not valid after the clock edge until the input has 
changed to its next value. The Meal model does not have an output corresponding to the Moore output prior to the 
first clock edge. 


Signal |Current ||Ons — |40ns — |B0ns — |120ns 160ns  |200ns  j240ns 280ns |320ns  360ns 


CLK ‘0’ 


17.18 (a) )Z0 = QO Q1'Q3' or Q1'Q2'Q3' 17.18 (d) library IEEE; 
Z1 = Q0Q1 use IEEE.STD_LOGIC_1164.ALL; 
= ' ' (09 entity mod8 counter is 
£s E QO'QI Q2 or Q0'Q2'Q3 port (CLK, CIrN : in std logic; 
Z3 - Q1Q2 ZO, Z1, Z2, Z3, Z4, Z5, Z6, Z7 : out std. logic); 
Z4 = Q1'Q2 Q3' or QO'Q1'Q3' end mod8 counter; 
Z5 = Q2Q3 
76 = Q0'O2'03 or Q0'O1'O2' architecture bhvr of mod8_counter is 
Z7 = B Fo SS signal Q, Q plus: std logic vector(0 to 3); 
begin 
cmb lgc: process(Q) 
begin 
17.18 (b) DO = Q1'Q2' ZO <= '0'; Z1 «20; Z2 «2 '05 Z3 «- 'O'; 
D1 = Q2'Q3' Z4 <= '0'; Z5 <= '0'; Z6 <= '0'; Z7 <= '0'; 
D2 = Q0'Q3' ios Q is 
= TT, when "1000" => 
D3 = Q0'Q1 Z0 <='1" 
Q_plus <= "1100"; 
17.18 (c) CE0 = Q2', DO = Q1' or CE0 = Q1 DO = Q2' ae a 
CE1 = Q3', D1 = Q2' or CE1 = Q2', D1 = Q3' Q_plus es "0100"; 
CE2 = Q3', D2 = Q0' or CE2 = QU, D2 = Q3' when "0100" => 
CE3 = Q1', D3 = QO' or CE3 = Q0, D3 = Q1' Z2 <='1', 
Q Q Q Q Q plus <= "0110": 
when "0110" => 
Z3 <='1'; 
Q plus <= "0010"; 
when "0010" => 
Z4 <='1'; 
Q_plus <= "0011"; 
when "0011" => 
Z5 <='1'; 
Q plus <= "0001"; 
17.18 (d) stt trnstn: process(CLK,CIrN) when "0001" =e 
(contd) begin E plu a "1001"; 
if CIrN = '0' then Q plus <= 
Q «- "1000"; when "1001" => 
elsif Rising Edge (CLK) then Z7 <='1'; 
Q<=Q es SPARE Q. plus <= "1000"; 
endif; - ' when others => 
end process stt_trnstn; Q plus <= "XXXX"; 
end case; 
end bhvr: end process cmb_lgc; 
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17.18 (e) library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity mod8_counter is 
port (CLK, CIrN : in std logic; 


Z0, Z1, Z2, Z3, ZA, Z5, Z6, Z7 : out std logic); 


end mod8 counter; 


architecture df1 of mod8 counter is 
signal Q, D : std logic vector(0 to 3); 


begin 


cmb_lgc: process(Q) 

begin 
Z0 «- Q(0) and not Q(1) and not Q(3); 
Z1 «- Q(0) and Q(1); 
Z2 «- not Q(0) and Q(1) and not Q(2); 
Z3 «- Q(1) and Q(2); 
Z4 «- not Q(1) and Q(2) and not Q(3); 
Z5 «- Q(2) and Q(3); 
Z6 «- not Q(0) and not Q(2) and Q(3); 
Z7 <= Q(0) and Q(3); 
D(0) «- not Q(1) and not Q(2); 
D(1) «- not Q(2) and not Q(3); 
D(2) <= not Q(0) and not Q(3); 
D(3) <= not Q(0) and not Q(1); 

end process cmb lgc; 


stt trnstn: process(CLK,ClrN) 


begin 
if ClrN = '0' then 
Q «- "1000"; 
elsif Rising Edge (CLK) then 


Q «- D; 


end if; 
end process stt, trnstn; 


end df1; 


17.18 (e) 
wave Signal | Current | | Ons 
LK 4! 


form C 


ClrN 
Z0 
Z1 
Z2 
Z3 
Z4 


i 
i 
t 
i 
jj 
i 
» 
(i 
^ 


| 40ns 


|80ns 


| 120ns 


17.18 (f) library IEEE; 


| 160ns 


use IEEE.STD_LOGIC_1164.ALL; 
entity mod8_counter is 

port (CLK, CIrN : in std_logic; 

Z0, Z1, Z2, Z3, Z4, Z5, Z6, Z7 : out std, logic); 
end mod8 counter; 


architecture df2 of mod8 counter is 
signal Q, CE, D : std logic vector(0 to 3); 
begin 
cmb_lgc: process(Q) 
begin 
ZO <= Q(0) and not Q(1) and not Q(3); 
Z1 <= Q(0) and Q(1); 
Z2 «- not Q(0) and Q(1) and not Q(2); 
Z3 «- Q(1) and Q(2); 
Z4 «- not Q(1) and Q(2) and not Q(3); 
Z5 «- Q(2) and Q(3); 
Z6 «- not Q(0) and not Q(2) and Q(3); 
Z7 <= Q(0) and Q(3); 
CE(0) <= not Q(2); D(0) <= not Q(1); 
CE(1) <= not Q(3); D(1) <= not Q(2); 
CE(2) <= not Q(0); D(2) <= not Q(3); 
CE(3) <= not Q(1); D(3) <= not Q(0); 
end process cmb lgc; 


stt trnstn: process(CLK,ClrN) 


begin 
if ClrN = '0' then 
Q <= "1000"; 


elsif Rising Edge (CLK) then 
if CE(0) = '1' then Q(0) <= D(0); end if; 
if CE(1) ='1' then Q(1) <= D(1); end if; 
if CE(2) = '1' then Q(2) <= D(2); end if; 
if CE(3) = '1' then Q(3) <= D(3); end if; 
end if; 
end process stt trnstn; 


end df2; 


|200ns 240ns |280ns |320ns  |360ns 


um 3 C 8 e e —8 y e ee 
TN C fe pp { —9 6 i © 
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as Signal |Current}|Ons ^ |40ns  |80ns  |120ns | 160ns |200ns | 240ns | 280ns | 320ns | 360n s 


wave 


frm R YT Lf LJ LI LJ LI LI LI LI LW LO 
Osna a 
z0 0 
zi t 
2 0 
z3 0 
74 0 


Q 1100 8 c au fj p pg gu p je jc 
CE 1100 D c jJ je p j je jp DP K 
D 0 E 6 p jp B js jp jc JE je 


17.19 (a) )Z0 = Q0 Q1'Q3' or Q1'Q2'Q3' 17.19 (d) library IEEE; 
Z1 = Q0Q2 use IEEE.STD LOGIC 1164.ALL; 
72 = Q001 Q2 or Q00203' entity mod8 counter2 is 
73 = D R port (CLK, CIrN : in std logic; 
" i , TP ZO, Z1, Z2, Z3, ZA, Z5, Z6, Z7 : out std logic); 
Z4 = QI'Q2 Q3' or QU'Q1'Q3 end mod8 counter2; 
Z5 - Q0' Q3 
Z6 = Q0Q2 Q3 or Q0 Q1'Q2' architecture bhvr of mod8 counter2 is 
27 = 09 Q3 signal Q, Q plus: std logic vector(0 to 3); 
begin 
cmb lgc: process(Q) 
2 F begin 
17.19 (b) DO = Q3 + Q2 Z0 <= 05 Z1 <= 05 Z2 <= '0'; Z3 <= 'O'; 
Di = QO Q3' Z4 <= '0'; Z5 <= '0'; Z6 <= '0'; Z7 «0 
D2 = Q0'+ Q1 case Q is 
D3 = Q1'Q2 when "1000" => 
REM ZO <='1'; 


Q plus <= "1100"; 


17.19 (c) CE0 = Q2', DO = Q1' or CEO = Q1', DO = Q2' when 00 es 


Z1«-"15 
CE1 = Q3', D1- Q2' or CE1 = Q2', D1- Q3' Q_plus <= "1110"; 
CE2 = Q3, D2 = QO' or CE2 = Q0', D2 = Q3' when "1110" => 
CE3 = Q1', D3 = Q0' or CE3 = Q0, D3 = Q1 Z2 <='1'; 
Q_plus <= "0110"; 
17.19 (d) when others => when "0110" => 
(contd) Q plus <= "XXXX"; Z3 <='1'; 
end case; Q_plus <= "0010"; 
end process cmb_lgc; when "0010" => 
Z4 <='1'; 
stt_trnstn: process(CLK,CIrN) Q_plus <= "0011"; 
begin when "0011" => 
if CIrN = '0' then Z5 <='1'; 
Q <= "1000"; Q plus <= "1011"; 
elsif Rising_Edge (CLK) then when "1011" => 
Q <= Q plus; Z6 «21, 
end if; Q plus <= "1001"; 
end process stt trnstn; when "1001" => 
Z7 «z"15 
end bhvr; Q plus «- "1000"; 
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17.19 (e) library IEEE; 


use IEEE.STD LOGIC 1164.ALL; 
entity mod8 counter2 is 

port (CLK, CIrN : in std logic; 

Z0, Z1, Z2, Z3, Z4, Z5, Z6, Z7 : out std. logic); 
end mod8 counter2; 


architecture df1 of mod8 counter2 is 
signal Q, D : std logic vector(0 to 3); 
begin 
cmb lgc: process(Q) 
begin 
Z0 «- Q(0) and not Q(1) and not Q(3); 
Z1 «- Q(1) and not Q(2); 
Z2 <= Q(0) and Q(1) and Q(2); 
Z3 «- not Q(0) and Q(1); 
Z4 «- not Q(1) and Q(2) and not Q(3); 
Z5 «- not Q(0) and Q(3); 
Z6 «- Q(0) and Q(2) and Q(3); 
Z7 «- not Q(2) and Q(3); 
D(0) <= Q(3) or not Q(2); 
D(1) <= Q(0) and not Q(3); 
D(2) <= not Q(0) or Q(1); 
D(3) <= not Q(1) and Q(2); 
end process cmb lgc; 


stt trnstn: process(CLK,ClrN) 
begin 
if CIrN - '0' then 
Q <= "1000"; 
elsif Rising_Edge (CLK) then 
Q «- D; 
end if; 
end process stt. trnstn; 


end df1; 


17.19 
s Signal |Current ||Ons_ ^ |40ns  j80ns |120ns 
CLK T 


17.19 (f) library IEEE; 


use IEEE.STD LOGIC 1164.ALL; 
entity mod8 counter2 is 

port (CLK, CIrN : in std logic; 

Z0, Z1, Z2, Z3, Z4, Z5, Z6, Z7 : out std, logic); 
end mod8 counter2; 


architecture df2 of mod8  counter2 is 
signal Q, CE, D : std logic vector(0 to 3); 
begin 
cmb lgc: process(Q) 
begin 
Z0 «- Q(0) and not Q(1) and not Q(3); 
Z1 «- Q(1) and not Q(2); 
Z2 <= Q(0) and Q(1) and Q(2); 
Z3 «- not Q(0) and Q(1); 
Z4 «- not Q(1) and Q(2) and not Q(3); 
Z5 «- not Q(0) and Q(3); 
Z6 «- Q(0) and Q(2) and Q(3); 
Z7 «- not Q(2) and Q(3); 
CE(0) <= Q(2); D(0) <= Q(3); 
CE(1) <= not Q(3); D(1) <= Q(0); 
CE(2) «- Q(0); D(2) «- Q(1); 
CE(3) <= not Q(1); D(3) <= Q(2); 
end process cmb lgc; 


stt trnstn: process(CLK,ClrN) 


begin 
if ClrN = '0' then 
Q «- "1000"; 


elsif Rising Edge (CLK) then 
if CE(0) = '1' then Q(0) <= D(0); end if; 
if CE(1) ='1' then Q(1) <= D(1); end if; 
if CE(2) ='1' then Q(2) <= D(2); end if; 
if CE(3) = '1' then Q(3) <= D(3); end if; 
end if; 
end process stt trnstn; 


end df2; 


|200ns 240ns |280ns |320ns |360ns 


en UN 
z0 0 
at 
2 0 
z3 0 
4 0 
23. 3j 
76 
z 0 
Q 1100 
D 1110 
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17.19 (f) 


Signal Current | |0ns ^ |40ns  |80ns |120ns 


CLK 1 
CIN 
Z4 | 
Al 1 
2 0 
23 0 
Z4 0 
2 0 
Z6 0 
ov 
Q 1100 
CE 0110 7 
D 0110 4 


17.20 (a) go = gi OR (ei AND a AND b) 


17.20(d) 


17.20(c) 


eo = ei AND ((a AND b) OR (a' AND b?) 


a b 

i go 

g Cmp 

ei eo 
Time x y ig ie og oe g e 
Ons 0100 0011 107 '1' '1' '0' 0011 1100 
5 ns 0011 0100 '0' '1' '0O' 'O' 0000 1100 
10 ns 0001 0001 '0' '1' 'O' '1' 0000 1111 
library IEEE; 


use IEEE.STD LOGIC 1164 .ALL; 
entity mag comp ibit is 
port (a, b, gi, ei : in std logic ; 
go, eo : out std. logic ); 
end mag comp ibit ; 
architecture compdf of mag comp 1bit is 
begin 
go «7 gi or (ei and a and not b); 
eo «- ei and ((a and b) or (not a and not b)); 
end compdf ; 
library IEEE; 
use IEEE.STD LOGIC 1164 .ALL; 
-- Code for the 4 bit comparator 
entity mag comp 4bit is 
port(x, y : in std logic vector (3 downto 0); 
ig, ie : in std logic ; 
0g, oe : out std logic ); 
end mag comp 4bit ; 


| 160ns 


17.20(b) 


17.20(c) 
(contd) 
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|200ns 
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|240ns |280ns |320ns |360ns 


8 C BE p p p p p jy jc 
6e E jc p p p p y jm 
e p p pn p p y p P 


library IEEE; 
use IEEE.STD LOGIC 1164 .ALL; 
entity mag comp bit is 
port (a, b, gi, ei : in std logic ; 
£0, eo : out std logic ); 
end mag comp Ibit ; 
architecture compdf of mag comp 1bit is 
begin 
go <= gi or (ei and a and not b); 
eo «- ei and ((a and b) or (not a and not b)); 
end compdf ; 


architecture Comp Struc of mag. comp 4bit is 
component mag comp Í1bit 
port (a, b, gi, ei : in std logic ; 
£0, eo : out std logic ); 
end component ; 
signal g, e : std logic vector (3 downto 0); 
begin 
mag. comp 1bit 3: mag comp 1bit 
port map (x(3), y(3), (3), e(3), (2), e(2)); 
mag comp 1bit 2: mag comp ibit 
port map (x2). y(2), (2), e(2), g(1), e(1)); 
mag. comp 1bit 1: mag comp 1bit 
port map (x(1), y(1), g(1), e(1), g(0), e(0)); 
mag comp 1bit 0: mag comp ibit 
port map (x(0), y(0), (0), e(0), og, oe); 
g(3) <= ig; 
e(3) «- ie; 
end Comp Struc ; 
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17.21 (a) so=siANDa' 


17.21(c) 


b=siANDa íi 
b 
library IEEE; 


use IEEE.STD LOGIC 1164.ALL; 
entity pr sel 1bitis 
port (a, si : in std logic; 
b, so : out std logic); 
end pr. sel. 1bit; 
architecture prdf of pr. sel 1bit is 
begin 
so <= si and not a; 
b «- si and a; 
end prdf; 
library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
-- Code for the 4 bit priority selector 
entity pr sel 4bit is 
port(x : in std logic vector(3 downto 0); 
isel : in std logic; 
y : out std logic vector(3 downto 0); 
osel : out std. logic); 
end pr. sel 4bit; 


architecture Pr Struc of pr sel 4bit is 
component pr sel 1bit 
port (a, si : in std logic; 
b, so : out std logic); 
end component; 
signal sel : std logic vector(3 downto 0); 
begin 
pr sel ibit 3:pr sel 1bit 
port map (x(3), sel(3), y(3), sel(2)); 
pr_sel_1bit_2 :pr_sel_1bit 
port map (x(2), sel(2), y(2), sel(1)); 
pr sel ibit 1:pr sel 1bit 
port map (x(1), sel(1), y(1),sel(0)); 
pr sel ibit 0 :pr sel 1bit 
port map (x(0), sel(0), y(0), osel); 
sel(3) <= isel; 
end Pr_Struc; 


17.21(b) library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
entity pr_sel_1bit is 
port (a, si : in std logic; 
b, so : out std logic); 
end pr. sel. 1bit; 
architecture prdf of pr sel 1bit is 
begin 
so <= si and not a; 
b <= si and a; 
end prdf; 
17.21 (d) Time xX isel Y osel sel 
Ons 1000 pi 1000 'O' 1000 
5ns 0111 4 0100 'O' 1100 
10ns 0000 1 0000 ply 1111 
17.22 
library IEEE; 


use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity sm1 is 
port (x, clk : in std_logic; 
z : out std logic); 
end sm1; 
architecture Behavioral of sm1 is 
type rom8_3 is array(0 to 7) of std_logic_vector(0 to 2); 
constant myrom: rom8 3 :=(001","100","111","000","000","010", 
"110","101"); 
signal index, romout: std_logic_vector(0 to 2); 
signal q, d: std_logic_vector(1 to 2):="00"; 
begin 
index <= x&q; 
romout <= myrom(conv_integer(index)); 
z <= romout(0); 
d <= romout(1 to 2); 
process(clk) 
begin 
if clk' event and clk='1' then q <= d; end if; 
end process; 
end Behavioral; 
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--The state assignment is as follows (q0q1q2q3)- 
--SO - 1000; S1 - 0100; S2 - 0010; S3 - 0001 
--VHDL code using equations derived by inspection from state graph 
entity sm1 is 
port (x, clk : in bit; 
z : out bit); 
end sm1; 
architecture equations of sm1 is 
signal q0 : bit :='1'; 
signal q1, q2, q3 : bit:='0'; 
begin 
process(clk) 
begin 
if clk'event and clk='1' then 
q0 <= (x and q0) or (not x and q1) or (not x and q3); 
qi <= (not x and q0) or (x and q3); 
q2 «- (x and q2) or (x and q1); 
q3 «- not x and q2; 
end if; 
end process; 
Z <= (not x and q1) or (x and q3) or q2; 
end equations; 


17.23 


17.24 There are three problems with this code. 
1) The sensitivity list for the process contains the signal select. It should be sel. (Select is a VHDL reserved 
word). 
2) When sel is true, there are two assignments to muxsel in the process and only the second one has any effect. 
Hence, if sel is true for two successive executions of the process, muxsel will be incremented to 2. 
3) Since muxsel is not changed until the process terminates, the selection uses the old value of muxsel not the new 
value. 


Next State Output 1726 Next State 
State| X -0 X71 | Output 
1 
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17.28 (a) Present Next State 17.28 (c) 
State |xin- 0 xin=1 


17.28 (d) The output is 1 for an input sequence ending in 
either 01 or 1011 


rH 


iii 


DALAL L^ [L^ 1 LM L^ 


CA 
Ca 
CA 


17.28 (b) 


Signal | Currend | Ons | 40ns |80ns |[120ns  |160ns  |200ns  |240ns 280ns  |320ns  |360ns 
gi e sp qeu pu crm gesrcqecq. oap wl 
rst '0' 

Ee ee a Vg 
zout '0' o | L 
state s10 


nextstate s10 s2 s3 sQs4 s'4s8 s5 s10 s9 sis8 s5 s10 


z = (0)010110011 


17.29 dfl, df2, and df3 are the same. They have two flip-flops, yO and y1; yl has input xin and y0 has input the 
complement of y0. The output z is y0 AND (xin XOR y1 or equivalent AND-OR logic. 


zout 
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17.29  df4 is the same except that z is "registered" in a flip-flop. 
(contd) 


17.29 (b) The output for df4 only changes on positive clock edges and is delayed with respect to the output for df1, df2 and df3. 
See the simulation waveforms below.. 


Simulation for df1, df2 and df3. 


Signal | Current | Ons | 40ns | 80ns j120ns  |160ns  |200ns  |240ns 280ns |320ns_ | 360ns 


clk '0' 
rst '0' 
xin ‘1' 
zout '0' 
yo '0' 


yl BU | 


Simulation for df4. 


Signal |Current | Ons |40ns | 80ns |120ns .160ns  j200ns  j240ns 280ns  |320ns  ,|360ns 


de cul. uM ed ui lug eT Jr E 
rst '0' 

xin ‘1 

zout '0' Ų 

y 9 yJ O T To T T L 
a ww PO -p - ^ ^- - d d - — -— 
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17.30 library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD_LOGIC_ARITH.ALL; 
use IEEE.STD_LOGIC_UNSIGNED.ALL; 
entity mask_8 is 
port (X : in std_logic_vector(7 downto 0); 
Store, Set, Clk : in std_logic; 
Z : out std_logic_vector(7 downto 0)); 
end mask_8; 
architecture Behavioral of mask_8 is 


M\ 8 
Store——». : : 
: signal M : std logic vector(7 downto 0); 
Clk process(Set, Clk) 
8 8 begin 
if Set='1' then M <= "11111111"; 
X elsif Clk'event and CIk-'1' then 
if Store='1' then M<=x; end if; 
end if; 
end process; 
Z «- M and X; 


end Behavioral; 


17.31 library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 
entity Seq 143 is 
port (Clk, X : in std logic; 
Z : out std logic); 
end Seq 143; 
architecture Moore of Seq 143 is 
signal State : integer := 0; 
signal NextState : integer range O to 3; 
begin 
process(State, X) 
begin 
case State is 
when 0 => Z <= '0'; 
if X = '0' then NextState <= 0; 
else NextState <= 1; end if; 
when 1 => Z <= '0'; 
if X = '0' then NextState <= 2; 
else NextState «- 1; end if; 
when 2 => Z <= '0'; 
if X = '0' then NextState <= 0; 
else NextState <= 3; end if; 
when 3 => Z <= '1'; 
if X = '0' then NextState <= 2; 
else NextState <= 1; end if; 
end case; 
end process; 
process(Clk) 
begin 
if Clk'event and Clk='1' then 
State <= NextState; end if; 
end process; 
end Moore; 
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Unit 18 Problem Solutions 


18.3 See FLD p. 736 for circuit. Notice that the Q 


output of the flip-flop is b,,, while the D input is b... 


Notes: 1) The value in the carry FF does not 
matter for the first addition. 2) Only a half-adder 
is needed since all the additions are of two bits. 


Next State Table: Sy = 00, S4 = 01, S, = 11 


D = (Q4' + Z)Qg 
= (St + Qy(Qi' + Z) 
Q1'Qo + Z'Qy + StQ,' 


18.4 


18.5 


18.6 
18.7 (a) 


18.7 (b) 
- (d) 
18.8 
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See FLD p. 737. AND-ing with x, is like M/Ad if 
x,is 1. Shifting is like moving from AND gates 
involving x, to those involving x,, or from x, to x,. 


See FLD p. 737. Compare to divider state graph of 
FLD Figure 18-11. 


See FLD p. 737. 


Overflow occurs only on division by 0, so 
V= YYYY Ya VEI tI Vt Vd 
See FLD p. 738. 


See FLD p. 738. 


Z'/Sh, Dec 


Output Table: L Sh Dec C 
St Z 
01 


Sh = Dec = (Qi' + Z)Qg 
C = (Q1 + Qo)! 


Unit 18 Solutions 


18.10 
Z 
Notes: 1) The carry FF must contain 0 for the first 
addition. 2) Only a half-adder is needed since all 
the additions are of two bits; the first addition will 
produce a 0 carry. 
it State Table: Sọ = 00, $4 = 01, S, = 11, $4 Output Table: L Sh Dec C 
StZ 
01 
0000 | 0000 | 1000 | 1000 
0110 | 0110 | 0110 | 0110 
0111 0111 0111 0111 
0110 as 0000 | 0110 
= (Qo + Z)Qq + Qp Sh = Dec = (Qo + Z)(Qo + Qj) 
"den env C - (Qy' + Qo) 
18.11 


Notes: 1) The carry FF must contain 0 for the 

first addition. 2) A full-adder is needed since the 
second addition may be of three bits. 3)The next 
state and output equations are the same as in 18.10 
except C = Qo. 
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18.12 (a) Inputs and outputs are given in decimal in the table. Inputs 10 through 14 are assumed to never occur. 


L5 [ss]ss|27|55[5 


18.12 (b) Use the state assignment Q = 0 for state A and Q = 1 for state B. There are 159 minimum sum-of-product equations 


for Qt; one solution is 

Qt = X XV PIX + XX XX + OX,’ 

The minimum sum-of-product equations for the outputs are 

Za = Xa X X X, 9 QUUIX + OK X G + X6 or 
-OXGXyX, Xo + QX2' X1X0' + QXXYXU + XX1 

Z, = X,'X Xo + XX1' + OWN, -QXX, + X6 or 
= X3 X1Xo + XX1" + Q'XXo' + QX3'X1 + X3Xj 

Z1 = X1Xo + Q'X2X1'Xo' + Q'X3X0' + QX, 

= Q'X, + QX,' + X4X, or 

= Q'Xo + QXo' + X3X, 


N 
o 
| 


18.13 (a) Inputs and outputs are given in decimal in the table. Inputs 1, 2, 13, 14, and 15 are assumed to never occur. 


ENNEEEENKENENANEENENENER 
ENWEXEEXEESUESSESOEXEEYXEESAEXIEXIE YS 


| B |A0]|B.12|B.11 |B,.10| B9 | 5.8 | B,7 | B6| B5 | B,4| B,3- 


18.13 (b) Use the state assignment Q = 0 for state A and Q = 1 for state B. The minimum sum-of-product equations for Q* and 


18.14 


the outputs are 
Qt = X, +X, + QX, or 
= X3 t X + QX; 
Z3 = XyX, + Q'X3X>' X4 'Xo' + QX4X, or 
= X3'Xq + Q'X3X2'X1'Xo' + QX3'Xo 
Z, = QUXX,'%Xo' + QX4X, + QXXg + X4Xq + X4X, or 
= QXXQ'Xy + QX4X,' + QX2'X1 + X3X9 + X3X4 
Zi = X X + QUE, + QX,X, + OX4X,' + X4XSX, or 
= X1'Xo + Q'X1Xo' + QX2X1' + QX3X1' + X3XYXo 
Zo = Q'Xo + QX;Xy' + QX3Xo' 


The ONE ADDER is similar to a serial adder, 


Q Q 
except that there is only one input. This means that X Sh 0 1 XSh 0 1 
the carry will be added to X. Thus, if the carry flip- olol ı 00 (9) 
flop is initially set to 1, 1 will be added to the input. in 
The signal I can be used to preset the carry flip-flop 01 | (0| | 9) 01 ld 1 
ci 11 | jo} | 1 iij i (o 
Let S, represent Carry = 0, and let S, represent 10 | jo | 1 10 | 1 lo) 
Carry = 1. The state graph is as follows: 
Q*- Q(Sh * X) Z = (Q + X)Q' + X)(X + Sh) 


Z = (Q + X)(Q' + X)(Q' + Sh) 
XX D4 en 
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18.14 
(contd) I [7o 


18.15 (a) 
p multiplier 
C4 4-BIT ADDER 
L dees - 
multiplicand 
18.15 (b) 115() 9 8 9 © O/1 9 1 add 
1011 
1011 shift 
0101 shift 
0010 add 
1011 
11 0 1 shift 
0110 
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L (Sp S) (S, S3) (Sẹ S}) (S; 8) 
I. (Sy S) (Sp 53 (Sp S3) (5,5) 
III. (S, S, S.) (S,, S,, S.) etc. 


2725-76 


18.15 (d) Present Next State Ad Sh Load Done 


State | StM:00 01 10 11 00 01 10 11 


0000 0000 0010 0010 

0100 1000 0100 1000 z 
A (Other assignments are 

0100 0100 0100 0100 BC\. 9 1 possible.) 

0100 1000 0100 1000 ao |s,|s, 

0100 0100 0100 0100 
01 | S3 | S, 

0100 1000 0100 1000 

0100 0100 0100 0100 11 | S5 | Sa 

0001 0001 0001 0001 10 | S, | S 


For this assignment, from LogicAid: 
J, = StB'C'+ MCG; K, ,=M'+B+C; JI, AC K =5A'C; J.-AB; K,=A'B; 
Ad = MAB'C' + MA'C; Sh = M'A + M'C + AB + AC; Load = StA'B'C'; Done = A'BC' 


4 3 

|l lll | jm 

Ld, |) D, | D; | Ds | Dy | Dj D | Dy | Dy 
a Clk 
3 
Ld Ad fo. queso 
3 3 
| adder | 
4 4 


OR gates, AND 
gates, & inverters 
implement the 
equations from 
18.15 (d) 
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18.16 (a) product 


multiplier 


Cs 5-BIT ADDER 
| multiplicand 
M 
18.16 (b k j : ; 1 
(b) See solution to 18.15 (b) 18.16 (c) 00000 shift 
18.16 (d) Graph is same as 18.15, so from LogicAid, using 00000 add 
the same state assignment: 10100 
10100 shift 
D, = StA'B'C' + MAB'C' + MA'C 01010 add 
D, = A'C + AB 10100 
D, = AB' + B'C + AC 113199 shift 
01111 


Ad, Sh, Ld, Done: See solution to 18.15 (d) 
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18.16 (d) 
(contd) 


18.17 @ | 
Ls | o [won [11 9 1 0 | 
| o fonom [o 1 9 91 | 

o1 


18.18 (a) (alternate solution) 


'C-o dz! 


Full 
Subtracter 
A 


X7 0 


SY 
divisor 
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18.18 (b) 


18.18 (d) 
shift C = 0 
sub. C=1 
shift C = 0 
sub. C= 1 
1 shiftC - 0 
0 
shift C = 0 
sub. C=1 
shift C = 0 
sub. C= 1 
0|1 C=0 
V v JS — J 
remainder quotient 
18.19 (a) 18.19 (b) 


18.19 (c) 
alternate solution d; dg ds d4 dj 


X7 1 X6 Y4 x5  y3 X4 y2 X3 yı 
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18.19 (d) g 18.20 (a) 
shift C = 0 
sub. C = 1 
shift C = 0 
sub. C = 1 


M : 
remainder quotient 


18.20 (b) D, = St'Q, + KQ, - KQ; D, - SQ, * K'B'Q, + KBQ; D,-KBQ, * KB'Q;  R-StQ, 
Sh = K'B'Q, + K'BQ, + K'BQ, + K'B'Q, = K'Q, + K'Q; X= KQ, + K'BQ, + KBQ, = KQ, + BQ, + KBQ, 


18.21 (a) 
18.21 (b) 
KS KS 
Ah ’ Ver 
18.21 (c) D, = St'Q, + KQ, + KQ, Clr- StQ, | 
J l i i Er- K5,Q, 
D = K'S 'Q, + StQ, Sh = K'S 'Q, + KS 'Q, + K'S Q, + K'Q, l n 
i | SI = KSQ, + K'S,Q, 
D, = K'S Q, T K'Q, i S,Q, y K'Q, äi K'Q, 
Note: The signal marked by 4 is the shift register serial output S, not a state. 
18.22 (a) 


St Control 


fl 


Logic 
Circuit 


Clk 


LN 


CIk 


—|SI , z 
2 S l Shift Register B 
Clk 
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18.22 (b) 


Present StK Sh 
State | 00 01 11 10 | 00 01 11 10 
5, 0 Q i i 


18.22 (c) I. (S, S,)x2 (S, S,) (S. S) 18.22 (d) SI = C'ab + Cab' + Ca'b 
II. (S, $)x2 (S, S,) (S, $)x2 9 1i 
From Karnaugh maps: 0 Sg 


D, = Q, = 5tQ, + KQ,Q, 
D -Qrt-s5 Sh = StQ, 
Alternative: Q5 = StQ, + StKQ, 


18.23 (a) 
St 
C 
Logic 
0 —»IST b Circuit 
| t E 
m" Shift Register B 
ZS ZN 
Clk Clk 
18.23 (b) 


Find AND of A & B 
Find XOR of A & B 
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18.23 (c) Q* = S'Q, + KQ, + KQ; Q? - SICQ, + K'Q; 18.23 (d) Change C' to D' in 18.22 (d) 
Q = StC'Q, + K'Q;; SI = D'ab + Dab' + Da'b 
Sh = StCQ, + StC'Q, + K'Q, + KQ, + K'Q, + KQ, 
D = StCQ, + K'Q, + KQ, 


18.24 (a) 18.24 (b) P 


x 
SI 

Sh A 

Clk 

Sh Xo 
eas 

Ez 


C; C; 


18.24 (0) J, - B. K,-B; Jj,-St*A; KSE 
Sh=St+A+B; M= CIC, + X; CC, 
Note: M can be determined independently of the 
state of the system, so it is not included in the state 


graph. 
18.25 (a) 
18.25 (b) Ky 18.25 (c) StK ABLd 
State | 00 01 11 10 | 00 01 11 10 


S, S, S, S, |000 000 001 001 
1 


D,-KQ,*KQ; D,-St*KQ; A-KQ; 
B-KQ; Ld=St+KQ, 
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18.26 
E EnAd 
St A 

A EnlIn, LdAd St LdAd 
Control EnIn 
7 LdAc 

7EnAd, LdAc Clik- 
Done 


= P 
SY “Done, EnAd, LdAc Enin, Ldâd 
Done 
18.27 (a) ; 18.27 (b) J = ST; K = ZERI ZER2; 
eS m LD1 Done = ZERI ZER2 Q; CLR = STQ'; 
, ZER1 ZER2 , LD2 = STQ'; LD1 = STQ' + ZERI ZER2' Q; 
E Done CTI = ZERI' Q; CT2 = ZERI ZER2' Q 
St 
"LD2 LD1 CLR 18.27 (c) (N, * 1)N, cycles 
ZER1' 
"CTI 
18.28 (a) Initial PU,PL: 0000 0000 18.28 (b) 


1st Add Lower half PU, PL: 0000 1011 
1st Add Upper half PU, PL: 0000 1011 
2nd Add Lower half PU, PL: 0000 0110 
2nd Add Upper half PU, PL: 0001 0110 
3rd Add Lower half PU, PL: 0001 0001 
3rd Add Upper half PU, PL: 0010 0001 
4th Add Lower half PU, PL: 0010 1100 
4th Add Upper half PU, PL: 0010 1100 
5th Add Lower half PU, PL: 0010 0111 
5th Add Upper half PU, PL: 0011 0111 


18.28 (c) Label the 4 FF outputs Sp, S4, S; and S}. 18.28 (d) Assume two FFs Q,Q, and the following encoding: 
Dg = S'Sq + S'S3 Sọ = 00, S; = 01, S, = 11, and S, = 10. Then, 
D, = S(Sy) + Sy Dy = S(Sg) + S5* (BZ)S, 
D, = (BZ')S, = SQi'Qe' + Q1Qy + (BZ)Q;'Qg 
Ds = (BZ)S, + S(S3) = SQ,'Q,' + Q,Q, + (BZ9Q, 
CP = LA=LB=CC= $o D, = (BZ)S, + (BZ)S, + S(S3) 
LPL = EA = DB = (BZ)S, = S, + S(S3) 
LPU = MS=S, = Q,'Qy + SQ) Qo' 
D = S, CP = LA = LB = CC = Sy = Qi 'Qo' 


LPL = EA = DB = (BZ)S, = (BZ‘)Q,'Qy 
LPU = MS = S> = Q1Q5 
D = S3 = Q1Qo' 
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18.29 (a) When the multiplier is negative, the B counter can 18.29 (b) Answer is the same for both parts of Part (b). 
be incremented to zero. Two control inputs are 


assumed: DB (decrement B) and IB (Increment Initial PU,PL: 0000 0000 

B). Also, when the multiplier is negative, the 1st Add Lower half PU, PL: 0000 1011 
multiplicand must be subtracted to produce the 1st Add Upper half PU, PL: 1111 1011 
product. This can be done by adding an Exclusive- 2nd Add Lower half PU, PL: 1111 0110 
OR array after the AND array; when IA = 0, the 2nd Add Upper half PU, PL: 1111 0110 
output of the Exclusive-OR array is equal to its 3rd Add Lower half PU, PL: 1111 0001 
input and when IA = 1, it inverts its input. To 3rd Add Upper half PU, PL: 1111 0001 
produce a two's complement subtract, the carry 4th Add Lower half PU, PL: 1111 1100 
FF must be set; SC (set carry) has been added to 4th Add Upper half PU, PL: 1110 1100 
the carry FF. When the product is negative, (A4 ® 5th Add Lower half PU, PL: 11100111 
B4) = 1, IA must be 1 to extend the sign bit when 5th Add Upper half PU, PL: 1110 0111 


adding the carry to the upper half of the product. 


Multiplier Multiplicand 


Note: The PU and PL registers are connected the 
same way as in Problem 18.28. 


LB —*» 


IB 


EA =| AND Array 


3 SC 
IA XOR Array 
4 
CC 


B Uu 
Bi SC B3BZ PL EAIA 
3/CC B4BZz 


A 3 PA PL EA 
5 Q "CPLALB (s1) a 
“CPLA.LB o 


A.B 
3 ALPU,MS,CC,DB 


8 

4 3 YCPU,MS,CC,DB.IA 
AsByy 

LPU,MS,SC,IB,IA 


A3B3 
A PU,MS,SC.IB 


Controller 


18.29 (c) 


18.29 (d) Label the 5 FF outputs So, S4, S5, $4 and Sy. 
Dg = S'Sy + S'S, D, = S(So), D, = S, + S} 
D, = (BZ)S, D, = (BZ)S, + S(S4) 
CP = LA - LB= So 
CC = B4(S, + S4), SC = B4(S, + S3) 
LPL = EA = (BZ)S, 
DB = B4'S4, IB = BS, 
IA = B,(BZ)S, + (A4 ® B3)S3 
LPU = MS = S, 
D= S4 
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18.29 (e) Assume three FFs Q,Q,Q, and the following encoding: S, = 000, S, = 001, S, = 011, $4 = 010 and S, = 100. Then, 
Do = S(Sy) + S4* S3 = SQ2'Q1'Qo' + Q2'Q1'Qo + Q2'Q1Q0' = SQ;' + Q1'Qo + Q1Qọ' or 
= SQy' + Q1'Qo + Q1Qo' 
D, = S4 + S} + (BZ)S, = Q5'Q1'Qp + Q,'Q1Qs' + (BZ)Q,'Q1Qs = Q,'Qy + Q1Qo' + (BZ)Q, or 
= Q1'Qg F Q1Qg' + (BZ')Qo 
Dy = (BZ)S5 * S(S4) = (BZ)Q,'Q1Qg * S(Q4Q4'Qp) = (BZ)Q1Q5 + S(Q;) 
CP = LA = LB = Sg = Q'Q'Q, = Q4'Q, 
CC = B4'(Q5'Q4'Qg * Q5'Q1Qg)) E B3'(Q1'Qo + Q1Qo; SC = B4(Q5'Qi'Qo * Q5'Q1Qg)) = B4(Q4'Qg * Q1Qo) 
LPL = EA = (BZ)Q;'Q,Qs- (BZ)Q,Qy 
DB = B4'Q/'Q1Q,' = B4'019$; IB = B3Q3'Q1Q0' = B3Q1Qo' 
TA = B(BZ)Q5'Q1Q, + (A4 © B43)Q5'Q1Qo'- B4(BZ)Q4Q, + (A, © B3Q1Q,' 
LPU = MS = Q;'Q1Qy' = Q1Qo' 
D = Q3Q,'Q,' = Qo 


Note: These equations simplify because 101, 110 and 111 are don't-care state combinations. 


18.30 (a) IZERO' EZERO,, 18.30 (b) D - cd Q + StQ'; Done = EZERO Q; 
DOWN CLR = StQ'; 
St! LOAD = StQ' + IZERO EZERO' Q 
Á DOWN = IZERO' EZERO' Q 
UP = IZERO EZERO' Q 
IZERO EZERO', 18.30 (d) The quotient counter reaches 1111, and UP = 1 
UP LOAD again. 
18.30 (c) N, + (N,/N,) cycles (round down) 18.30 (e) The quotient will count upward forever, and Done 
will never be 1. 
18.31 N 


St - start 


Ld - load N into register 
and clear counter 


Su - load subtracter output 
into register 


Inc - increment counter 


B - borrow 


NY 
YI. 
Chk odd integer 
When the done signal comes on, square root is in the 4-bit counter 
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Unit 19 Problem Solutions 


19.1 See FLD p. 739 for solution. 19.2 See FLD p. 739 for solution. 
19.3 See FLD p. 739 for solution. 19.4 See FLD p. 740 for solution. 
19.5 See FLD p. 740 for solution. 19.6 See FLD p. 741 for solution. 
19.7 See FLD p. 741 for solution. 19.8 See FLD p. 741 for solution. 
19.9 See FLD p. 741-742 for solution. 19.10 — See FLD p. 742 for solution. 
19.11 19.12 (a) 


EXIT 2 EXIT 1 


19.12 (b) 
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19.13 19.14 (a) 


Reset 


19.14 (b) Let So, S4, S; and S, be the four FF outputs, then 19.14 (c) Using state assignment S, = 00, S, = 01, S; = 10 


D, = x(Sy $4 S; + S3), and S, = 11, and denoting state variables Q, and 
Dem, Qo, D, is the OR of D, and D, from Part b) so 
D, = xS}, and D, = x(S; + S, + S3) 
D, = x(S, + S}). = X(Q1'Qo + Q1Qo + Q1Qo’. 
Z5. Similarly, Do is the OR of D, and D, from Part b) 
so 
19.14 (d) Using the simplification identity twice, Do Ma : 2j t S3) , 
D, = x(Qy + Q4) and Dy = x(Qo' + Qj). = NOTR + Q1Qo' * Q199). 
Z = Q1Qo 
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19.15 (a) s 19.15 (b) gs - Table for Q,* Qo*: S, = 00, S; = 01 and 
— StK S, 
| Q,Q, | 000 001 011 010 
51 
0 
1 


D, = K'Q, + K'S,Qo, Dy = K'Qy + StQy/ 


Output Table for Clr Sh Er SI 


StK S, 
QiQ, | 000 001 011 010 


— o0 [0000 ono | 0000 [ 0000 
ee RI 


St K S, 
QiQo | 100 101 111 110 


00 [1000 [1006 [ 1000 [ 1000 | 
BEN IRR E RT RD TON 


Clr -StQy; |— Sh = K'Qo + Q1'Qo 
Er = KS,Q;'Qo; SI = K'Sj'Q, + KS,Q,Qo 


19.15 (c) Label the three FF outputs S4, S, and S}. 19.15 (d) Label the two FF outputs Q4, Qg and the decoder 
D, = St'S, + KS, + KS; D, = K'S/'S, + StS, outputs S, = 00, S, = 01 and S} = 11*, then 
D, = K'S S, + K'S; Clr = StS, D, = K'S 'S, + StS, + K'S S, + K'S, 
Sh = K'S, + KS 'S, + K'S, = K'S, + S'S, + K'S, = K'S, + StS, + K'S, 
Er = KS S; SI = K'S S, + K'S'S. D, = K'S S, + K'S; Clr = StS, 
Sh = K'S, + S'S, + K'S} 
Er = KS S; SI = K'S S, + K'S'S, 
*Note: Other solutions are possible for different 
encodings. 
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19.16 


Sg/ Done 


19.18 Q,Q, StM K |Q} Q* Ad Sh Load Done 
S, 
S 
19.19 (a) 19.19 (b) 
Clock A* = A'BX, + A'B'X, (X1 + X,) + {AB} 
= BX, + A'X, (X'+ X.) 
| | 
State | So, S2 , So | 52 |, S| & S0 , St Bt = A'B (XC + XX) + AB'X; + A'BX! + {AB} 
Xi | | = AX; + A'B'X,X; + A'X; 
X | | Z,=A+B+X,; Z,-ABX; Z,-ABXX, 
X3 l l l I In the preceding equations, curly brackets ({}) 
Z indicate a don't care term. 
1 
Z) EN [a 
| | l | 
Z3 | | | l | 
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19.19 (c) PLA table obtained by tracing link paths: 


[m -0- | or oo 


19.20 (a) 


In order to repeat 
the pattern 12 times, 
the counter must be 
loaded with 0011 

in state Sg. Thus, 
LDN must be 0 in 
Sq and 1 in S, and 
S». (It can be either 
0 or 1 in $4.) 


Unit 19 Solutions 


19.19 (d) 2? x 5 ROM 


AB B AXA, A'B' ZZZ. 


19.20 (b) Let Sp, S4, S; and S4 be the four FF outputs, then 


Dg = s(Sg + S3); Dy = sS + (TC)'S; 
D, = S; D3 = (TC)S5 

LDN = S, + Sj or LDN = S} + S; + S3 
CE = S; or CE = S, + S, 

2, = Sy; 29 = Sp 

P= 0; Py = 0; P, =1;P 9 =1 


19.20 (c) Using state assignment Sọ = 00, S, = 01, S, = 11, 


S3 = 10, and denoting the state variables as Q4 Qo, 
D, is the OR of D, and D, from Part (b) so 
D, = S1 *(TCO)S; = Q'Q, + (1C)Q1Q; 
= Qi'Q,y + (TOQ5. 

Similarly, Dg is the OR of D, and D, from Part (b) 
so Dg = sSg + (TC)'Sy + S, 

= sQi'Qe' + (TC)' Q1Q0 + Q1'Qo 

= sQi' + (TC)'Qo + Q;'Qo- 
The outputs are 
LDN = S, + S, = Qg; CE = $1 = Q1'Qo 
Z1 = Q1'Qo; and z; = Q1Qo 


19.21 (a) Initial PU,PL: 0000 0000 
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1st Add Lower half PU, PL: 0000 1011 
1st Add Upper half PU, PL: 0000 1011 
2nd Add Lower half PU, PL: 0000 0110 
2nd Add Upper half PU, PL: 0001 0110 
3rd Add Lower half PU, PL: 0001 0001 
3rd Add Upper half PU, PL: 0010 0001 
4th Add Lower half PU, PL: 0010 1100 
4th Add Upper half PU, PL: 0010 1100 
5th Add Lower half PU, PL: 0010 0111 
5th Add Upper half PU, PL: 00110111 
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19.21 (b) "AN 19.22 


S4/LA,LB,CC,CP 
0 
S 
1 
Sj/SB* 
0 1 LPU 


SP,IC 
S3/SP,IC 


So/CP, LA, LB, CC 


LPL, EA, DB 


Sj/LPU, MS 


* Although SB is 1 in state S,, shifting does not 
occur until the next clock. 


19.21 (c) Label the 4 FF outputs Sp, S4, Sọ and S}. 


Do = S'Sp + S'S: 
D, = S(So) + S 
D,=(BZ)S, 


D3 = (BZ)S, + S(S3) 
CP = LA =LB=CC= S 
LPL = EA = DB = (BZ5, 
LPU = MS = S, 

D = S3 


19.21 (d) Assume two FFs Q,Q, and the following encoding: 
Sọ = 00, S4 = 01, S, = 11 and S} = 10. (The 
decoder outputs are labeled So, S4, S5 and S3.) 
Then, 

Dg = S(So) + S, + (BZ?S, 
D, = (BZ)S, + (BZ)S, + S(S3) = S, + S(S3) 
The output equations are the same as in Part (c). 
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19.23 (a) 19.23 (b) See answer to 18.30 (b). 


19.24 (a) 


19.24 (b) See answer to 16.26 (c) on page 192. 


229 


© 2010 Cengage Learning. All Rights Reserved. May not be scanned, copied or duplicated, or posted to a publicly accessible website, in whole or in part. 


Unit 19 Solutions 
19.25 


> 


$7/ 111111 
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19.26 


S BACK /R 
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20.1 


20.3 


20.7 


20.8 
(contd) 


Unit 20 Solutions 


Unit 20 Problem Solutions 


See FLD p. 743 for solution. 20.2 See FLD p. 743-744 for solution. 


Replace line 12 with: 20.4 See FLD p. 744-745 for solution. 
signal State, Nextstate: integer range 0 to 5; 
Replace lines 27 - 33 with: 
when1[2|3|4 => 205 ^ See FLD p. 745 for solution. 
if M ='1' then Ad <='1'; 
Nextstate <= State; 
else Sh <='1'; Nextstate <= State + 1; end if; 20.6 
when 5 => Done <='1'; Nextstate <= 0; 
Replace lines 39 - 41 with: 
if Load = '1' then ACC <= "00000" & MPlier; end if; 
if Ad = '1' then ACC(8 downto 4) <= addout; ACC(0) <= '0'; end if; 


See FLD p. 746 for solution. 


Replace line 14 with: 20.8 
signal Counter: integer range 0 to 4; Clk 
signal State, NextState: integer range 0 to 3; 
After line 22, add: 
K<='1' when Counter=3 else '0'; 
Replace lines 33 - 36 with: 
when 2 => 
if C ='1' then Su <= '1'; NextState <= 2; 
elsif K = '1' then Sh <='1'; NextState <= 3; 
else Sh <= '1'; NextState <= 2; end if; 
when 3 => 
Replace line 47 with: 
if Sh = '1' then Dividend <= Dividend (7 downto 0) & '0'; 
Counter <= Counter + 1; end if; 


Entity and architecture for DiceGame goes here. process 
begin 
entity GameTest is for i in O to 11 loop 
end GameTest; Rb <='1'; -- push roll button 
architecture dicetest of GameTest is wait until roll = '1'; 
component DiceGame wait until clk'event and clk = '1'; 
port (CLK, Rb, Reset : in bit; Rb <= '0'; -- release roll button 
Sum: in integer range 2 to 12 ; wait until roll <= '05 
Roll, Win, Lose: out bit); sum <= Sumarray(i); 
end component; -- read roll of dice from array 
signal rb, reset, clk, roll, win, lose: bit; wait until clk'event and clk = '1'; 
signal sum: integer range 2 to 12; wait until clk'event and clk = '1'; 
type arr is array(0 to 11) of integer; if win = '1' or lose = '1' then reset <= '1'; 
constant Sumarray:arr := (7,11,2,4,7,5,6,7,6,8,9,6); end if; 
begin wait until clk'event and clk = '1'; 
CLK <= not CLK after 20 ns; reset <= '0'; 
Dice: Dicegame port map(rb,reset,clk,sum, roll, win,lose); end loop; 
wait; -- test completed, do not execute process 


again 
end process; 
end dicetest; 


Contintued next column 
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20.9 Replace lines 6 - 11 with: 
Port (Dividend_in: in std_logic_vector(4 downto 0); 
Divisor: in std_logic_vector(4 downto 0); 
St, Clk: in std_logic; 
Quotient: out std_logic_vector(4 downto 0); 
Remainder: out std_logic_vector(4 downto 0); 


Replace lines 14 - 17 with: 
signal State, NextState: integer range 0 to 6; 
signal C, Load, Su, Sh, V: std_logic; 
signal Subout : std_logic_vector (5 downto 0); 
signal Dividend: std_logic_vector (9 downto 0); 


Replace lines 19 - 23 with: 
Subout <= '0'&Dividend(9 downto 5) - Divisor; 
C <= not Subout (5); 
Remainder <= Dividend (9 downto 5); 
V <= '1' when Divisor = "00000" else '0'; 
Quotient <= Dividend (4 downto 0); 
State_Graph: process (State, St, C, V) 


Replace line 25 with: 
Load <= '0'; Sh <= '0'; Su <= '0'; 


Replace lines 28 - 33 with: 
if (St ='1') then 
if (V='0') then Load <='1'; NextState <= 1; 
else Nextstate «- 0; end if; 
else Nextstate «- 0; end if; 
when 1 => Sh <='1'; NextState <= 2; 
when 2|3|4|5=> 


Replace line 36 with: 
when 6 => 


Replace lines 45 - 47 with: 
if Load = '1' then Dividend <= "00000" & Dividend in; end if; 
if Su = '1' then Dividend(9 downto 5) <= Subout (4 downto 0); Dividend(0) <= '1'; end if; 
if Sh = '1' then Dividend <= Dividend (8 downto 0) & '0'; end if; 
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library IEEE; 

use IEEE.STD_LOGIC_1164.ALL; 

use IEEE.STD_LOGIC_ARITH.ALL; 

use IEEE.STD_LOGIC_UNSIGNED.ALL; 


entity mult20_10 is 
Port (CLK, S: in std_logic; 
Mplier, Mcand : in std_logic_vector(3 downto 0); 
Product : out std_logic_vector(7 downto 0); 
D : out std logic); 
end mult20_ 10; 


architecture Behavioral of mult20_10 is 
signal State, NextState: integer range O to 4; 
signal A, B: std logic vector (3 downto 0); -- Multiplicand & Multiplier 
signall PU, PL: std logic vector (3 downto 0); -- Product registers 
signal muxout, andarray: std logic vector (3 downto 0); 
signal addout: std logic vector (4 downto 0); 
signal BZ, LA, CP, DB, LPU, LPL, EA, MS, CC, C: std logic; 
begin 
BZ <= '1' when B = "0000" else '0'; 
muxout <= PU when MS ='1' else PL; 
andarray <= A when EA = '1' else "0000"; 
addout <= ('0' & muxout) + ('O' & andarray) + ("0000" & C); -- adder output is 
Product <= PU & PL; -- 5 bits including carry 
process (S, State, BZ) 
begin 
CP <= '05 LA <= '0 DB <= '0'; MS <= '0'; CC <= '0'; 
EA <= '0'; LPU <= '0'; LPL <= '0'; D <= '0'; -- control signals are '0' by default 
case State is 
when 0 => 
CP <='1'; LA <= 15 CC <='1'; 
if S = '1' then NextState <= 1; else NextState <= 0; end if; 
when 1 => 
if BZ = '1' then NextState <= 3; else LPL <= '1; EA<='1'; DB <= '1'; NextState <= 2; end if; 
when 2 => 
LPU <= '1; MS <='1'; NextState <= 1; 
when 3 => 
D <='1'; 
if S = '1' then NextState <= 3; else NextState <= 0; end if; 
end case; 
end process; 


process (CLK) 


begin 
if CLK'event and CLK = '1' then -- update registers on rising edge of clk 
if LA = '1' then B <= Mplier; A <= Mcand; end if; -- load multiplier & multiplicand 
if CP = '1' then PU <= "0000"; PL <= "0000"; end if; -- clear product registers 


if DB ='1' then B <= B- 1; endif; -- decrement multiplier 
if LPL = '1' then PL <= addout(3 downto 0); end if; 
if LPU = '1' then PU <= addout(3 downto 0); end if; 


if CC = '1' then C <= '0'; else C <= addout(4); end if -- load carry flip-flop 
State <= NextState; 
end if; 


end process; 
end Behavioral; 
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Unit 20 Solutions 


20.10 (b) library IEEE; 
use IEEE.STD_LOGIC_1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 


entity test20 10 is 
end test20 10; 


architecture test1 of test20 10 is 
component mult20 10 
port (CIk: in std logic; 
S: in std logic; 
Mplier, Mcand : in std logic vector(3 downto 0); 
Product : out std logic vector(7 downto 0); 
D: out std logic); 
end component; 


constant N: integer := 4; 

type arr is array(1 to N) of std logic vector(3 downto 0); 
constant Mcandarr: arr := ("1011", "1011", "1111", "0000^); 
constant Mplierarr: arr := ("0101", "0000", "1111", "1111; 
signal CLK: std logic :='0'; 

signal S, D: std logic; 

signal Mplier, Mcand: std logic vector(3 downto 0); 
signal Product: std logic vector(7 downto 0); 


begin 
mult1: mult20 10 port map(CLK, S, Mplier, Mcand, Product, D); 
CLK «- not CLK after 10 ns; -- clock has 20 ns period 
process 
begin 


foriin 1to N loop 
Mcand <= Mcandarr(i); 
Mplier <= Mplierarr(i); 
S<='1'; 
wait until CLK = '1' and CLK'event; 
S <= '0'; 
wait until D = '1' ; 
wait until CLK = '1' and CLK'event; 

end loop; 

end process; 
end test1; 
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Unit 20 Solutions 


20.11 (a) library IEEE; 
use IEEE.STD LOGIC 1164.ALL; 
use IEEE.STD LOGIC ARITH.ALL; 
use IEEE.STD LOGIC UNSIGNED.ALL; 


entity mult20 11 is 
Port (CLK, S: in std logic; 
Mplier, Mcand : in std logic vector(3 downto 0); 
Product : out std logic vector(7 downto 0); 
D : out std logic); 
end mult20_11; 


architecture Behavioral of mult20_11 is 
signal State, NextState: integer range 0 to 4; 
signal B: std logic vector (3 downto 0); -- Multiplier counter 
signal A: std logic vector (3 downto 0); -- Multiplicand register 
signal PU: std logic vector (3 downto 0); -- Upper half of product register 
signal PL: std logic vector (3 downto 0); -- Lower half of product register 
signal andarray: std logic vector (3 downto 0); 
signal addout: std logic vector (4 downto 0); 
signal muxout: std logic vector (3 downto 0); 
signal BZ, LA, CP, DB, IB, IA, LPU, LPL, EA, MS, CC, SC, C: std logic; 
alias B3: std logic is B(3); 
alias A3: std logic is A(3); 
begin 
BZ <= '1' when B = "0000" else '0'; 
muxout <= PU when MS ='1' else PL; 
andarray <= A when EA = '1' and IA = 'Ọ' else 
not A when EA = '1' and IA = '1' else 
"1111" when EA = '0' and IA = '1' else "0000"; 
addout <= ('0' & muxout) + ('O' & andarray) + ('O000" & C); -- adder output is 5 bits 


Product «- PU & PL; -- including carry 
process (S, State, BZ) 
begin 

CP <= '05 LA <= '05 DB <= '05 IB <= '0; MS <= '0'; CC <= 0; --control signals are 'O' 


SC <='0'; EA <= '05 IA <= '05; LPU <= '0'; LPL <= '0'; D <= '0';  -- by default 
case State is 
when 0 => 
CP «- 15 LA <= '15 
if S = '1' then NextState <= 1; 
else NextState «- 0; end if; 
when 1 => 
NextState <= 2; 
if B3 ='1' then SC <='1'; 
else CC <= '1'; end if; 
when 2 => 
if BZ = '1' then NextState <= 4; 
else NextState <= 3; LPL <= '15; EA <= '1'; end if; 
if BZ = '0' and B3 ='1' then IA «- '15 end if; 
when 3 => 
LPU <= '1; MS <='1'; NextState <= 2; 
if B3 = '0' then CC <='1'; DB «- 15 
else SC <='1'; IB <='1'; end if; 
if (A3 xor B3) = '1' then IA <= '1'; end if; 
when 4 => 
D <='1'; 
if S = '1' then NextState <= 4; 
else NextState <= 0; end if; 
end case; 
end process; 
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Unit 20 Solutions 


20.11 (a) process (CLK) 
(contd) begin 
if CLK'event and CLK = '1' then -- update registers on rising edge of clk 
if LA = '1' then B <= Mplier; 
A <= Mcand; end if; -- load multiplier & multiplicand 
if CP = '1' then PU <= "0000"; 
PL <= "0000"; end if; -- clear product registers 
if DB = '1' then B <= B- 1; endif; -- decrement multiplier 
if IB ='1' then B <= B + 1; endif; -- increment multiplier 


if LPL = '1' then PL <= addout(3 downto 0); end if; 
if LPU = '1' then PU <= addout(3 downto 0); end if; 
if CC ='1' then C <= '0'; elsif SC = '1' then C <= '1'; 
else C <= addout(4); end if; -- load carry flip-flop 
State <= NextState; 
end if; 
end process; 
end Behavioral; 


204100 ^. Same as 20-10(b) except 


constant N: integer := 6; 

type arris array(1 to N) of std logic vector(3 downto 0); 

constant Mcandarr: arr := ("0111", "0000", "0111", "1000", "0111", "1000"; 
constant Mplierarr: arr := ("0111", "0111", "0000", "0111", "1000", "1000"; 
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